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ABSTRACT 
This work deals with the synthesis and physico chemical studies of 
macrocyclic complexes bearing N, O or S as donor atoms and their complexes 
with first row transition metal ions Mn(II), Co(II), Ni(II), Cu(II) and Zn(II). 
The chapter [1] deals with a brief introduction to macrocyclic chemistry with 
its synthetic methods and pioneering work done by eminent scientists. It also 
describes the various applications of these macrocyclic complexes. The 
Chapter [2] gives the details of physico-chemical methods, ihe instruments and 
the experimental conditions involved in the characterization of various 
macrocyclic complexes synthesized. 
The Chapters [3] to [7] are related with the actual research work 
describing the synthesis and characterization of the various macrocyclic 
complexes of Mn(II), Co(II), Ni(II), Cu(II) and Zn(II). The templation was the 
main method adopted for synthesizing these complexes because the metal ion 
restricts the possible number of coordination modes and is an efficient route to 
synthesize macrocyclic complexes in good yield. However, it could be possible 
to isolate free macrocyclic ligands 1:2, 8:9 - diphenyl - 7,10 - diaza - 3, 14-
dioxocyclotetradecane (L ' ) and 1:2, 7:8 - diphenyl- 6,9 -diaza - 3,12 -
dioxocyclodidecane (L^) by the condensation reaction of o-phenylenediamine, 
1,2-dibromoethane or 1,3-dibromopropane and catechol. 
The chapter [3] describes the synthesis and characterization of 
tetraazamacrocyclic complexes: dichloro/nitrato [3,6,10,13-tetraaza-4, 5:11,12-
dibenzophenone cyclo tetradecane] metal(II), [MLX2] [M=Co(II), Ni(II), 
Cu(II) and Zn(II); X = CI or NO3]. The reactions were carried out by treating 
3,4-diaminobenzophenQne with 1,3-dibromopropane in the presence of 
respective metal salts in 2:2:1 molar ratio in methanol. The complexes are 
stable to atmosphere at room temperature. The complexes are colored and 
obtained in good yield. The low molar conductance values suggest their non-
electrolytic nature. The most significant feature of IR spectra of all these 
complexes is the appearance of sharp single band in the 3215-3270cm"' region 
assigned to coordinated v(N-H) vibrations of secondary amine. The 
involvement of nitrogen of the secondary amine in coordination has been 
further confirmed by the appearance of a medium-intensity band in the 385-
410cm"' region corresponding to v(M-N). The other prominent bands like v(C-
N), 6(N-H), v(M-O) ,v(M-Cl) and phenyl ring vibrations appeared at their 
expected positions. The ' H N M R spectra of the zinc(II) complexes show a 
multiplet in the region 6-71-6-81 ppm assigned to secondary amino protons 
which confirm the condensation between primary diamine and dibromopropane 
moieties. A triplet in 6-85-6-89 ppm and a doublet in 6-95-7-Olppm region 
assigned to the Ha and Hb phenyl protons of the diaminobenzophenone. The 
spectral and magnetic moment data support the formation of high spin 
octahedral complexes which show that the ligand field effect is weak. Further, 
the EPR spectra of copper complexes suggest that the unpaired electron occupy 
the d , J orbital, so the pairing of electrons should be in d^ orbital. This 
unsymmetrical filling of electrons in eg orbitals may lead to the tetragonal 
distortion with two long bonds along the z-axis. 
The chapter [4] explains the synthesis and physico - chemical studies of 
tetraazamacrocyclic complexes: dichloro [1,4,7, lO-tetraaza-5, 6,11,12-
tetramethy 1-4, 6,10,12-tetraene-2,3:8,9-diben2yIcyclodidecane] metal(II), 
[ML'cy, [M=Co(II), Ni(II) and Zn(II)]; [l,4,7,10-tetraaza-5,6,ll,12-
tetramethy 1-4,6,10,12-tetraene-2,3:8,9-dibenzyl cyclodidecane] copper(II) 
chloride, [CUL'JCIZ; dichloro [1,4,8,1 l-tetraaza-5,7,12,14-tetramethyl-
4,7,11,14-tetraene-2,3:9,10-dibenzyl cyclotetradecane metal(II), [ML^Cy 
[M=Co(II), Ni(II) and Zn(II)] and [1,4,8,1 l-tetraaza-5,7,12,14-letramethyl-
4,7,11,14-tetraene-2,3:9,10-dibenzyl cyclotetradecane] copper(II) chloride, 
[CuL ]Cl2. The synthesis of these macrocyclic complexes have been 
accomplished by the template condensation reaction of o-phenylenediamine 
and 2, 3-butanedione or 2, 4-pentanedione with metal salts in 2:2:1 molar ratio 
in methanolic medium. The nature of bonding and stereochemistry of the 
complexes have been deduced from the elemental analyses, FT-IR, ' H N M R , 
EPR, UVAf^ is spectroscopy, magnetic susceptibility and conductivity 
measurements. The copper (II) complexes exhibit square pianar geometry, 
whereas an octahedral geometry is suggested for all the other complexes. The 
low molar conductance values of all the compounds except the copper 
complexes indicate their non-electrolytic nature while the copper complexes 
were 1:2 electrolytes. 
The IR spectra of these complexes exhibit a single sharp absorption 
band in the 1590-1630 cm"' region, attributed to the coordinated imine 
v(C = A'') stretching vibration. The bands characteristic of free primary amine 
or carbonyl groups of ketone moieties were not observed. The other prominent 
bands likev(C-A'^), 'V[M-N) and phenyl ring vibrations appeared at their 
estimated positions. The appearance of bands corresponding to V ( M - C / ) 
further confirm the involvement of chloro groups in the complexes. The ' H 
NMR spectrum of Zn(II) complexes in DMSO-d^ show a sharp signal in the 
2-46-2-51 ppm region assigned to imine methyl (CH3C=N; 12H) protons. The 
singlet at around 218 ppm is assigned to central methylene (C-CH2-C; 4H) 
protons of the 2,4-pentanedione moiety. The observed values of magnetic 
moments and the position of absorption bands in the electronic spectra confirm 
an octahedral geometry for Co(II), Ni(II) and Zn(II) ions whereas square planar 
geometry for Cu(II) ions. 
The chapter [5] reports the synthesis and spectral studies of transition 
metal-tin pentaazamacrocyclic complexes: dichloro/nitrato (1-phenyl amino 
4:5, 9:10 diphenyl - 1, 3, 6, 8, 11 - pentaaza cyclododecane) metal (II) -
dimethyl tin (IV), [MLX2 Sn (CH3)2] [M = Mn(II), Co(II), Ni(II), Cu(II) and 
Zn(II); X = CI or NO3]. The complexes have been prepared by the 
condensation reaction of o-phenylenediamine, formaldehyde, p-
phenylenediamine, dimethyl tin (IV) dichloride and the respective transition 
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metal salt in a 2:2:1:1:1 molar ratio in methanolic solution. They are slightly 
soluble in methanol and benzene but freely soluble in DMF, DMSO and THF. 
The elemental analyses results are acceptable with the proposed stoichiometry 
of the complexes. All the complexes gave molar conductance values consistent 
with their non-electrolytic nature. 
The explicit feature of the IR spectra is the presence of Sn-N bands in 
the 445-480 cm"' region. The formation of macrocyclic framework has been 
fiirther confirmed by the appearance of a bimd at 3230-3280 cm'' region 
ascribed to the coordinated secondary amino group. The other vibrations 
appeared at their expected positions. The 'H N M R spectra of Zn(II) complexes 
appear to be more complex. All the complexes gave multiplets between 6.72-
6.97 ppm and between 2.72-2.94 ppm which can be assigned to the N-H and 
the methylene protons of the secondary amine and formaldehyde respectively. 
The ' '^ Sn NMR spectra of all the complexes gave signal between 78-118 ppm, 
which is associated with a tetra-coordinated Sn atom. The observed EPR data 
gll > gi for Cu(Il) complexes show that there is distortion from Oh symmetry in 
Cu(II) complexes and the unpaired electron occupy flie d j ^ orbital. The 
X y 
calculated G values (2.166 - 1.721) for these complexes further indicate that 
there is existence of considerable exchange interactions between Cu(Il) centers. 
The electronic spectra and the magnetic moment data are consistent with the 
hexacoordination at the metal centers maintaining the octahedral geometry 
around the metal'ions. 
The chapter [6] describes the synthesis and spectrochemical studies of 
octaazamacrocyclic complexes: dichloro/nitrato [2,5,8,10,13,16-hexamethyl-
3,4,6,7,11,12,14,15- octaazacyclohexadecane-2,7,10,15-tetraene) metal(II), 
[MLX2] (M = Fe(II), Co(II), Ni(II), Cu(II) and Zn(II); X = Ci or NO3). The 
reaction of hydrazine, acetaldehyde and 2,4-pentanedione with respective metal 
salts in 4:2:2:1 molar ratio resulted in the isolation of this new class of Schiff 
1 
base octaazamacrocyclic complexes. 
IV 
The appearance of a new weak absorption band in the IR spectra of all 
the complexes in the 1580-1620 cm"' region may be assigned to the imine 
v(C=N) stretching vibration whose position is consistent with that of a 
coordinated C=N group which indicates the formation of azomethine group 
during condensation. This resuh was further confirmed by the appearance of 
v(C-N) band at 1160-1200 cm"' region. The characteristic v(C-H), v(M-N), 
v(N-H) v(M-O) and v(M-Cl) bands appeared at their expected positions. The 
H NMR spectra of the Zn(II) complexes show a sharp signal observed at 2.45-
2.50 ppm corresponding to imine methyl (CH3C=N; 12H) protons. The room 
temperature EPR spectra of copper(II) complexes showed gy and gi values at 
2.21-2.24 and 2.10-2.11 regions, respectively, characteristic of octahedral 
geometry having the unpaired electron in the dx .y orbital. The spectral and 
magnetic moment data are entirely consistent with six coordination at the metal 
centers. 
The chapter [7], which is the last chapter, describes the synthesis and 
characterization of the free nitrogen-oxygen donor macrocyclic ligands L and 
L"^  (L ' = 1:2, 8:9 - diphenyl - 7,10 - diaza - 3, 14- dioxocyclotetradecane, L^ = 
1:2, 7:8 - diphenyl- 6,9 -diaza - 3,12 - dioxocyclodidecane) and their metal 
complexes: ML'CIZ and ML^Cb] [M=Co(lI), Ni(II),Cu(II) and Zn(II)]. The 
free ligands were derived from the reaction of o-phenylenediamine with 1,2-
dibromoethane or 1,3-dibromopropane and catechol in 1:2:1 molar ratio in 
ethanolic medium and their complexes were obtained by subsequent addition of 
the respective metal ions. The nature of bonding was established on the basis of 
the results of the elemental analyses, FT-IR, ' H NMR and '^C NMR studies. 
The metal to ligand complexation ratio have been deduced from Job's Plot was 
found to be 1:1. All the complexes were freely soluble in DMSO, DMF and 
THF and were stable at room temperature. The observed low molar 
conductance values for all the complexes indicate their non-ionic nature. The 
IR spectra of all the macrocyclic complexes exhibit a strong intensity band in 
the 3200 - 3290 cm"' region ascribed to the N-H stretching vibration. The 
-1 bands observed at around 1175 cm"' and 1340 cm'', assigned to v (C-N) and v 
(C-0) respectively, support that cyclization has taken place. Other significant 
bands show v(M-N), v (M-0) and v (M-Cl) at their estimated positions. The 
EPR spectra of all the powder samples of the copper(II) complexes showed that 
gi values are lower than g|| values indicating that the unpaired electron is 
present in the d i^ _ y2 orbital having ^Big as a ground state term. The results of 
electronic spectra and the magnetic moment values suggest an octahedral 
geometry for Co(II), Ni(II) and Zn(II) whereas distorted octahedral geometry 
for Cu(II) complexes. 
Thus, the preceding arguments conclude the formation and 
characterization of a variety of novel macrocyclic complexes. 
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CHAPTER I 
GENERAL INTRODUCTION 
The coordination chemistry of multidentate macrocycles has been a field 
of intensive research over the past many years. There is no dearth of literature 
on the structural, synthetic or functional aspects of macrocyclic chemistry. The 
first documented macrocycle possessing a pyrrole (Fig. 1) subheterocyclic ring 
was synthesized' in 1886 by Baeyer via the condensation of pyrrole and 
acetone in the presence of mineral acid. The first macrocyclic compound 
prepared from a diacid was dimeric ethylene succinate (Fig. 2) which was 
reported^ by Voriander in 1894. Subsequently, very little work was carried out 
with macrocyclic diesters until 1930s. The main interest in macrocyclic diester 
compounds involved their use in preparation of perfumes.^ Carothers and his 
co-workers''"^ in 1930 commenced a study of polyesters including the 
macrocyclic monomeric and dimeric carbonates, oxalates, etc. The field of 
macrocyclic chemistry has undergone a rapid change after the early 1960s due 
to the pioneering independent contributions of Curtis^"' and Busch.^ The 
coordination chemistry of these macrocyclic systems was mainly confined to 
those systems containing N, O and S donor atoms. 
HaC ,CH. 
H,C' 
N 
"CH. 
Figl Fig 2 
A macrocycle is defined as a cyclic compound having at least 
nine, or more, heteroatomic members and with three, or more, donor 
centres^"'^. They have an internal hydrophilic cavity formed by donor 
atoms, and an external hydrophobic framework made up of chains. The 
three-dimensional extension of macromonocycles in which more than 
one macrocycle is incorporated in the same molecule are called 
macropolycycles''^. An important feature of macrocyclic chemistry is 
that the design and synthesis of macrocycles with var>'ing ring size and 
donor sites, with specific properties can be achieved with relative ease. 
The different types of macrocyclic ligands are particularly exciting because of 
the importance in generating new areas of fundamental chemistry and many 
opportunities of applied chemistry. 
The macrocyclic complexes in general are found to have the 
following characteristics.''* 
1) They can stabilize high oxidation states that are not nomially readily 
attainable. 
2) They have a marked kinetic inertness both to the formation of the 
complexes from the ligand and metal ion and to the reverse, the 
extrusion of the metal ion from the ligand. 
3) They have high thermodynamic stability and the formation constants. 
The additional enhancement in stability expected from gain in 
translational entropy can not be attributed to the unusual chelate effect that has 
been termed as the macrocyclic effect.'^ The differences in configurational 
entropy is because greater loss in entropy would be expected in the 
complexation of the open chain ligand than in the macrocyclic ligand. The 
macrocyclic effect has both enthalpic and entropic components as compared to 
the chelate effect which is largely entropic in origin. Thus for the macrocycle 
the donor atoms are constrained near the required coordination sites and so the 
ligand is pre-strained to suggest additional stability compared with the non 
macrocycle. The macrocyclic effect is best understood by considering the 
thermodynamics'^''^ of the metal complexation reactions. 
Over the past 2-3 decades an extensive series of macrocyclic 
ligands have been prepared and studied which are classified into various 
subdivisions'"'. The following types are a few of the macrocyclic ligands 
classified into various different subdivisions (Fig 3-16). 
(i) Coronands'^"'^ (3) are macrocyclic species which contain various 
heteroaioms as binding sites. The complexes of these Hgands are 
referred to as coronates. 
(ii) Crown ethers'^ (4, 5) are macrocyclic poly ethers. 
(iii) Macrocyclic polycarbonyls are cyclic ligands containing carbonyl 
functionalities, the macrocyclic oligoketones^^ (6), the 
poly lac tones"' (7) and the poly lactams^" (8). 
(iv) Spherands^"' (9) and hemispherands^'* (10) are macrocyclic ligands 
which consist of arrangements of phenyl groups. 
(v) Calixarenes" (11), from the Greek meaning chalice and arene 
(incorporation of aromatic rings), are macrocyclic phenol-
formaldehyde condensation products. 
(vi) Cyclodextrins^'' are naturally occurring cyclic oligomer of 1,4-
glucopyranosides. 
77 
(vii) Catenands (12) are two separate, but interlocked macrocyclic 
ligands. 
(viii) Cryptands ' (13, 14) are macropolycyclic receptor molecules 
which provide a cavity for inclusion of a variety of substrates. 
Cryptate refers to their complexes. 
CJtmfiar - I QmimmJfiAmntHtm 
(ix) Sepulchrates (15) are polyaza macrobicycles analogous to the 
cryptands. 
•5 1 
(x) Speleands^' (16) are hollow, macropolycyclic molecules formed 
by the combination of polar binding units with rigid shaping 
groups. 
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Figure 3-16 
The compounds shown in Figure (3-16) differ in type and number of ion 
binding sites and thus generally exhibit quite different affinities for a given ion. 
For example, certain cyclic polycthers not only strongly bind particular alkali 
and alkaline earth metals but selectively bind one or more of these ions in 
preference to the others in each series. 
There are four main approaches to prepare such systems: 
a) Conventional organic synthesis of the ligands. 
b) Metal ion promoted reaction-involving condensation of noncyclic 
components in the presence of suitable metal ion (in short termed as 
metal template procedure). 
c) Modification of a compound prepared by methods a and b. 
d) High dilution technique. 
The preparation of the free macrocycles has certain advantages in many 
cases. The purification of the organic product may be more readily 
accomplished than purification of its complexes, and fmtlier the 
characterization by physical techniques becomes more easy. But the free 
macrocycles are often of low yield for the desired product and may have side 
reactions. To over come this problem the ring closure step in the synthesis may 
be carried out under conditions of high dilution"^ or another way is that a rigid 
group may be introduced to restrict rotation in the open chain precursors^^" '^' 
which facilitates cyclization. One of the most effective method for the synthesis 
of macrocyclic complexes involves an in-situ approach where the presence of 
metal ion in the cyclization reaction markedly increase the yield of the cyclic 
product. The metal ion plays an important role in directing the steric course of 
the reaction and this effect is termed "metal template effect."''^  The metal ion 
may direct the condensation preferentially to cyclic rather than the polymeric 
products. The metal ion and the anion are important to the template process 
because the balance between the size of the cation and anion will determine the 
degree of dissociation of the metal salt in the reaction medium."^ 
Several classes of macrocyclic ligands which include saturated 
polyaza macrocycles, polyoxa macrocycles, polyoxaaza macrocycles, 
crown ethers, cryptands, compartmental macrocyclic ligands that form 
mononuclear and heteronuclear complexes, pH responsive macrocycles 
and macrocycles containing pendant arms have been synthesized and 
their reactivities towards metallic substrates have been reported. These 
macrocycles which contain varying combination of aza [N], oxa [O], 
phospha [P] and sulpha[S] ligating atoms can be tailored to 
accommodate specific metal ions by the fmetuning of the ligand design 
features, such as the macrocyclic hole size, nature of the ligand donors, donor 
set, donor array, ligand conjugation, ligand substitution number and sizes of the 
chelate rings, ligand flexibility, and nature of the ligand backbone. 
The crown poly-ethers are examples of macrocycles which have been 
prepared mainly by the direct synthesis'^' ^^  (Scheme 1) employing non 
template procedure. Mixed oxa-thia crowns are obtained from 
oligo(ethyleneglycol) dichloride reactions with dithiols'^ ^"''*'(Scheme 2). 
0 0 0. 
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Scheme 1 
CI O O CI HS SH 
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Scheme 2 
The first example of deliberate synthesis of a macrocycle using 
template procedure was described'*' by Thompson and Busch (Scheme 
3), although Curtis had previously demonstrated the potential of 
H,N. 
I 
H,N S 
:x 
^ „ ^ 
^ r rV \ / 
2* 
Scheme 3 
template assembly through his observation that the reaction of 
Ni(en)3(C 104)2 (en = 1, 2-diaminoethane) and acetone yields isomeric 
tetraazamacrocyclic complexes'*^ of Ni(II) (Scheme 4). Polythia 
macrocycles are obtained by 
10 
• % 
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= / 
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^ 
^ 1 
Scheme 4 
= \ . Nrt-
reacting an appropriate polythiane with a dibromoalkane. The reactions are 
sometimes, aided by metal template'"''*^ (Scheme 5 and 6). The phosphorous 
^SH HS' 
Br Br 
o / ~ \ 
H2N SH 
\ / 
Scheme 5 
(i)Ni 
,44 
Scheme 6 
macrocycles'*'* are made via template condensation of coordinated 
polyphosphine ligands and a dibromoalkane (Scheme 7). 
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45 Template assisted single-stage ring closure methods are also reported 
(Scheme 8). Metal salts also facilitate the self-condensation of o-
phthalonitrile to give metal-phthalocyanin complexes'*^ (Scheme 9). 
CN 
CN 
M 2+ 
- > • N' M N 
(Scheme 9) 
Schiff base condensation between a carbonyl compound and an 
organic diamine in the presence of a metal ion to yield an imine linkage 
has led to the synthesis of many azamacrocycle complexes'*^"''^  
as illustrated below (Scheme 10). The diamine Schiff base macrocycles 
12 
M e ^ ^NO 
(Scheme 10) 
obtained by the condensation of one molecule each of the 
dicarboxyl compounds and diamine precursors have been termed "1+1" 
macrocycles and the tetraimine macrocycles obtained by the condensation of 
two molecules of the dicarboxyl compounds with the two molecules of the 
diamine moiety have been termed "2+2" macrocycles as a consequence of the 
number of head and lateral units present.''^ "^" The formation of "1+1" 
macrocycle via intramolecular mechanism or "2+2" macrocycle via the 
bim.olecular mechanism depends on one or more of the under given factors 
during the synthesis of schiff base macrocycles. 
I) The insufficient chain length to span two carbonyl groups in the 
diamine will block the formation^' of "1+1" macrocycle. 
II) A "2+2" condensation may occur^^ if the template ion is large with 
respect to cavity size of the "1+1" ring. 
III) The electronic nature of the metal ion and the requirement of a 
preferred geometry of the complex. 
IV) The conformation of the "1+1" acyclic chelate. 
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Much of the early work featured the use of u-ansition metal ions in the 
template synthesis of quadridentate macrocycles. The directional influence of 
orthogonal d-orbitals was regarded as instrumental in guiding the synthetic 
pathway. This technique has been extended in the last decade by using 
organotransition metal derivatives to generate tiidentate cyciononane 
complexes.^ "^ "^ '' The synthesis of macrocyclic complexes by the metal template 
method was extended by the use of s-p block cations as template devices to 
synthesize penta and hexadentate schiff base macrocycles^ '^^ ^ and a range of 
tetraimine schiff base macrocycles. 
The template potential of a metal ion in the fomiation of a macrocycle 
depends on the preference of the cations for stereochemistries in which the 
bonding d-orbitals are in orthogonal arrangements. This is exemplified by the 
observation that neither copper(II) nor nickel(II) acts as template^" for the 
pentadentate "1+1" macrocycles (Fig. 17) derived by the schiff base 
condensation of 2,6-diacetylpyridine with triethylenetetraamine, N,N'-bis 
(3-aminopropyl)ethylenediamine, or N,N'-bis(2-aminoethyl)-l,3-
propanediamine, respectively. However, Mg"^ ,^ Mn"^ ,^ Fe"^ ,^ Co*^ ,Zn"^ ,^ Cd"^ '^  and 
Hg^^  serve as effective templates leading to the formation of 7-coordinate 
complexes of pentagonal bipyramidal geometries (Fig. 18) for Mg^ "^ , Mn^ ,^ Fe^ "^ , 
Zn and Cd and 6- coordmate pentagonal pyramidal geometries (Fig. 19) for 
Co"*, Cd^* and Hg^^ '^"^ .^ In the synthetic pathway of macrocycles the size of 
cation used as the template has proved to be of much importance. The 
compatibility between the radius of the templating cation and the "hole" of the 
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macrocycle contributes to the effectiveness of the synthetic pathway and to the 
geometry of the resulting complex. For example, cation of radius less than 
0.80A° do not seem to generate complexes as shown in (Fig. 19). Fenton and 
his co-workers^° demonstrated cation cavity "best-fit" in the fomiation of Schiff 
base macrocycles by synthesizing oxaazamacrocycles using alkaline earth cation 
as templating device . The smaller metal ion favours the formation of "1+1" 
(Fig. 20) while the large metal ion favours the fonnation of "2+2" macrocycle 
(Fig. 21) as shown in Scheme 11. Among the alkaline earth cations for example 
only magnesium generates the pentadentate "1+1" macrocycle (Fig. 21) but it is 
ineffective in generating the hexadentate "1+1" macrocycles (Fig. 22) which are 
readily synthesized in the presence of larger cation such as Ca^ "^ , Sr^ "^ , Ba^ "^  and 
Pb^^ . The preference for the formation of "1+1" or "2+2" schiff base macrocycle 
in the metal template condensation depends on the cations radius. 
N 
N N 
NH NH 
\ / 
•N 
N 
\_0H 
H2N 
>) 
(17) (18) (19) 
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r~\/ 
H2N O O NH2 
Mg 2+ 
(21) 
^cOcT^o^, NH 
(20) 
Scheme 11 
A great variety of azamacrocyclic complexes have been fonned 
by condensation reactions in the presence of metal ions (metal 
template). The majority of such reactions have imine fomiation as the 
ring closing step. Tetraazamacrocycles with 14- and to a lesser extent 
16-membered ring predominate. While amongst the various first 
transition series Ni(II) and Cu(II) are the most widely active metal ions 
used in the template procedure^. The design of the ligand capable of 
forming stable metal complexes would not only allow further study of 
the coordination properties of the metal ion but also would enable to 
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exploit in detail certain important emerging properties of these 
complexes. The design of macrocyclic Schiif bases have provided their 
potential use as metal specific ligand allowing incorporation of even 
two or more metal ions simultaneously. 
Polyazamacrocyclic ligands are found to be very versatile ligands due to 
their capability of forming stable metal complexes . Metal coordination by 
polyazamacrocycles has been widely investigated in the design of selective 
complexing agents, ionophores and catalysts^^"^ .^ These compounds have also 
been used to mimic the active center of important metal containing enzymes^^' 
. Moreover, polyamine macrocycles constitute an excellent basis for the study 
of molecular recognition of different kinds of substrates, such as inorganic or 
77 74 
organic cations, anions, and neutral molecules " . Among the 
polyazamcrocycles, tetraazamacrocycles are extensively studied. Shakir and 
co-workers have reported'^'^* the synthesis and characterization of a large 
number of tetraazamacrocyclic complexes formed by the template 
condensation. 
HN ^ 
Fig. 23 
It has been generally found that for the larger Schiff base macrocycles 
the transition metal cations are ineffective as templates^^. Trans-
17 
metallation reactions^""^^ have been successfully employed for such 
macrocycles. This approach has been particularly successful when 
applied to the generation of di-nuclear Cu(II) complexes of tetraamine 
Schiff base macrocycles. The latter have been used as speculative 
models for the bimetallobiosites in cupro-proteins such as haemocyanin 
and tyrosinase^^. The size of the cation used as the template has proved 
to be of importance in directing the pathway for the Schiff base systems 
(Scheme 12). 
HjN O \ ol <^ 
n = 2 .3 
Scheme l2 Schiff base macrocycle synthesis in the 
presence of non-transition metal templates 
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Macroc\cles containing Schiff base linkages have provided three of the 
comer stones upon which supramolecular chemistry has been built (Fig. 24 a-
c). The earliest example of a synthetic macrocyclic ligand containing an imine 
linkage stems from the work of Curtis and was derived from the mixed-aldol 
condensation of acetone with nickel(II)ethylenediamine complexes^''. In 1964 
Curry and Busch reported the iron(II) templated condensation of 2,6-
diacetylpyridine with triethyienetetraamine to give iron(III) complexes of a 
pentaazadiaminomacrocycle. It was shown by Jager in 1964 that the reaction 
of P-ketoiminalo complexes with 1,2-diaminoethane gave metal complexes of a 
tetraazadiimino macrocycle . The fourth cornerstone (Fig. 24 d) was added by 
Pedersen with his discovery of the cyclic or "crown" polyethers*'. In this case 
the metal cation was not retained by the product and so it was proposed that the 
role of the metal was to organize the transition state, which preceded formation 
of the macrocycle. 
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a C u rtis 
-NH NH 
\ / 
b B u sch c J ag e r 
/ \ A 
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°^_/v P 
d P e d e r s e n 
Fig. 24 The cornerstone macrocycle 
Lindoy and co-workers have developed design strategies for new 
macrocyclic ligand systems which are able to recognize particular transition 
and post-transition metal ions. They have prepared and studied the 
discrimination of metal ions by ligand and by following the occurrence of^  
"structural dislocation" along a series of closely related (Fig. 25 and Fig. 26) 
mixed donor ligand system. 
R' = R- = (CHzh, (CH2)3 
X = NH, O, S 
Fig. 25 Fig. 26 
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The chemistry of synthetic macrocyclic polyamines and macrocyciic 
dioxopolyamines has been drawing much interest. These macrocycles form 
much more stable and selective complexes with various transition metal ions 
than do open chain analogues having the same donor arrangement. The metal 
complexes of the 14-membered cyclic tetraamine 1, 4, 8, 11-
tetraazacyclotetradccane (Fig. 27) represent reference systems' '^^^ in the 
coordination chemistry of azamacrocycles. The synthesis'"*"'^  of ligands (Fig. 
28, 29 and Fig. 30) led to the study of their complexes. Studies on their 
complexes proved that all (Fig. 28, 29 and Fig. 30) form stable complexes 
with transition metal ions'^"'' and the Cu^^ complex of the 14-membered 
macrocycle shown in the Fig. 29 is the most stable among these complexes. 
.NH HR 
'NB HN' 
O V 
NB HN. 
O 
'NH HN ^ 
Fig. 27 
,NH HN 
'NH HN' 
Fig. 29 
Fig. 28 
o o 
-NH HN-
''-HN NH-
Fig. 30 
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Majority of nitrogen-donor macrocycles that have been studied are 
quadridentate ligands (Fig. 31 and Fig. 32). To fully encircle a first row 
transition metal ion a macrocyclic ring size of between 13 and 16 members are 
required provided that the nitrogen donors are spaced such that five six or 
seven membered chelate rings are produced on co-ordination.^ '^^ A number of 
larger ring macrocycles containing more than four donor atoms have also been 
reported and one example of such a large ring ligand*°° incorporating more 
than one metal ion is shown in Fig. 32. 
Me 
,N 
NH 
/ \ / \ 
N-
-N O N-
Me 
Fig. 31 Fig. 32 
The enhanced stability of metal complexes of macrocyclic ligands 
over other linear polydentate ligands is attributed to various structural 
effects namely, macrocyclic effect, chelate effect, cryptate effect and 
multiple Juxtapositional fixedness (MJF)'°'. These effects which have 
been found to give stronger complexes arise from the structural factors, 
size, shape or geometry, connectedness or topology and rigidity of the 
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macrocycle. Fig. 33 displays the general observation that the affinity 
between ligands of a particular kind, amines in the example, and a given 
metal increases with the increasing topological constraint of the ligand 
system. This figure also illustrates (i) the chelate effect, which increases 
with the number of donors linked together through the series 
Increasing Topological Constraint 
Coordination Chelation Macrocycle Effect 
HzN^^Nfi 
NH H 
Cryptate Effect 
Me 
NH NWISI 
Nh^ HtN-N^HTv^Nti 
Topology and the Chelate, Macrocycle and Cryptate Effect 
Fig. 33 
ethylenediamine (en), diethylenetiiamine and N,N'-bis(2-aminoethly)-
1,3-diaminopropane, (ii) the macrocyclic effect for the case of the tetra-
aza cyclotetradecane and the (iii) cryptate effect for the last structure. 
The topological constraint is in the order, simple coordination< 
chelation < macrocyclic effect < cryptate effect. These topological 
effects are displayed in both kinetic and thermodynamic properties. This 
is manifested in equilibrium constants and is accom.panied by 
exceptional kinetic inertness. Cabbiness and Margerum were the first 
to name the 'macrocyclic effect' '°^ while reporting the first quantitative 
study of the relative thermodynamic and kinetic stability of tetra-aza 
macrocycles'°^''°^. Subsequent studies on tetra-thia macrocycles , 
alkali metal complexes of crown ethers'^^-'^ and various metal ion 
derivatives of cryptates'"' have confirmed the macrocyclic effect for 
maciocyclic ligands. 
A variety of macrocyclic complexes which have adjacent nitrogen atoms 
(cyclic hydrazines, hydrazones or diazines) are formed by condensation 
reactions of hydrazine, substituted hydrazines or hydrazones with carbonyl 
compounds. The reactions are parallel in diversity with those of amines, but are 
often more facile since the reacting NH2 groups are not generally coordinated 
and the electrophile is thus not in competition with metal ion. The resulting 
macrocycles may be capable of coordination isomerism, since either of the 
adjacent nitrogen atoms can act as donor atom. Several macrocyclic ligands 
derived from hydrazine precursors have been reported'^^''^^ and most of the 
studies involved in great deal with mononuclear complexes. However, less 
work has been reported for higher membered polyazamacrocyclic complexes. 
Goedken and Peng"° have reported the synthesis of the 14-membered 
octaazamacrocyclic complexes by the template condensation reaction of 
butane-2,3-dione dihydrazone with formaldehyde (Scheme 13). 
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The amide macrocyclic ligands are of great interest because their metal 
complexes can function as porphyrin analogues in catalyzing organic oxidation 
reactions. The coordination chemistry of polyamide macrocycles is of 
particular interest in view of two potential donor atoms i.e.; amide nitrogen and 
oxygen. However, in most of the polyamide macrocyclic complexes, amide 
nitrogen is engaged in coordination and not the oxygen. The formation of an 
amide is normally carried out after conversion of the carboxyl component to a 
more reactive acyl derivative which can react with the amino component under 
mild conditions. A number of macrocyclic tetraamides have been described in 
the literature. Rybka and Margerum have discussed the chemistry of a ligand 
(Fig. 34) which was prepared by the conventional methods employed in 
peptide synthesis. An American group has described a general method^^ for the 
synthesis of macrocyclic tetraamide ligands (Fig. 35) by aminolysis of the 
thiazolidine-2-thione amides of dicarboxylic acids with diamines. Macrocyclic 
tetraamides can be prepared in high yield by this route. 
^VUiSk* 
o. NH HN, 
NH HN O 
(CH2)n (CH2)n 
Fig. 34 Fig. 35 
In recent past Shakir and his co-workers'"""^ have developed a 
strategy for the synthesis of amide macrocycHc complexes. They have reported 
a wide variety of tetraaza, hexaaza and octaaza macrocyclic complexes bearing 
amide groups. Most of them were prepared via the template condensation 
reaction of "(2+2)" dicarboxylic acid with di or tri amines and self 
condensation of o-aminobenzoic acid. A series of reinforced macrocycles 
(Fig. 36) has been reported."^ The first of this type of macrocycle was 
synthesized by Wlainright and Rama Subbu 118-119 which showed much 
greater rigidity than do their non- reinforced analogues. 
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-NH HN-
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Fig. 36 
The synthesis of the first cryptand (Fig. 37) in 1968 by Lehn and co-
workers^^"^ ,^ prompted the synthesis of a large number of macrobicycles and 
macropolycycles and studied their complexation properties. 
Fig. 37 
A variety of binucleating macrocyclic ligands with similar and 
dissimilar coordination sites have been reported and the later are of particular 
interest because such macrocyclic complexes are thermodynamically stabilized 
and kinetically retarted with regard to metal dissociation and metal substitution 
relative to metal complexes of acyclic ligand^ '^'^ ". Shakir and co-workers 
have reported'^'"'^^ different series of binuclear macrocyclic complexes. Bis 
(macrocyclic) complexes incorporating two metal ions are of interest because 
27 
they can act as multi-electron redox agents or catalysts and can be regarded as 
models for polynuclear metalloen2ymes . 
In recent years considerable attention has been devoted for the synthesis 
and characterization of mixed nitrogen, oxygen and sulfur donor atom 
macrocycles, L.F. Lindoy and associates'^^''^^ synthesized novel macrocyclic 
ring (Fig. 38) incorporating (O4N2, O2S2N2 and N2S4) donor set with emphasis 
on the recognition of ions with Co, Ni; Cu, Zn, Cd and Ag, Pb industrially 
important groups. Mixed donor macrocyclic ligands have proved to be especially 
suitable for use in studies of the above type since they do not tend to yield 
complexes exhibiting the very high kinetic and themiodynamic stabilities that 
are, for example, characteristic of macrocyclic ligand complexes containing a 
N4- donor set. 
X = Y = 0, 
NH H N . x = Y = Sor 
^v^^VS x = o,Y = s 
Fig. 38 
Busch and Coworkers ' have synthesized several sulfur nitrogen 
containing macrocycles by in situ methods in presence of metal ions yielding the 
metal complex directly. Metal complexes mainly of rJckel (11) and cobalt (II) 
containing two sulflir and two nitrogen donors,*' '^'"^ four sulfiir and four nitrogen 
donors, " two sulfur and four nitrogen and one sulfiir and four nitrogen 
donors "'" have been synthesized and in some cases the metal free ligand has also 
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been obtained . The complexes with four sulfiir and two niirogen donors have four 
sulfur atoms in an equitorial plane and two nitrogen atoms are at trans positions. 
However, in two sulfur and four nitrogen donor atom complexes, the metal is 
located in a cavity bound by six donor atoms octahedrally. D. Funkemeier and 
his co-workers have reported'^ ^ the synthesis of 14-membered trans N2S2 dibenzo 
macrocycle (Fig. 39). J. Scowen with other researchers'^ ^ reported metal ion 
directed synthesis of novel sulfur based (Fig. 40 and Fig. 41) macrocycles. 
Reaction fonning acid stable dithiadiaza macrocycles proceeded in reasonable yield 
with carbon acid, even when stoichiometric amount of the carbon was employed. 
Evidently, the condensation reaction of forming 13 to 16 membered macrocycles for 
N4 donor molecules transfers readily to mixed S2N2 donor analogues with the 
presence of a pair of cis disposed primary amine groups being the primarj' 
requirement for condensation. 
Fig. 39 Fig. 40 
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Fig. 41 
Fenton and his coworkers 138-140 have investigated the design and 
synthesis of oxaazamacrocyclic ligands with varying ring sizes and flexibilities 
including both weak and strong donor atoms in varied donor sets and sequences 
in order to define principles underlying transition metal selectivity by 
macrocyclic ligands. Very recently Robertson''*' and his coworkers have 
synthesized 20- membered N- benzylated macrocyclic ligands incorporating 
N4O2- donor sets, by performing macrocyclic ring closure using the appropriate N-
benzylated triamine precursors by means of a Schiff base condensation with the 
corresponding dialdehyde, followed by insitu reduction of diamine linkages so 
formed. Much attention has been devoted in recent years for the development of 
macrocyclic complexes containing nitrogen sulfiir or nitrogen, sulfur and oxygen 
donor atoms. Yasar Gok have recently synthesized 142-143 18-membered 
30 
dioxadithiadiaza macrocycle 5,6 -17,18- dibenzo- 11,12- (4- nitrobenzo)- 2,3-
bis(hydroxyimino> 7,16- dithia- 10,13- dioxa- 1,4- diazacyclooctadecane and novel 
metal free phthalocyanines containing 12- membered diazadioxa macrocycles. 
Hokeiek and his associates''*^ have reported the crystal structure of 18- membered 
dioxa diaza dibenzo cyclooctadeca diene monohydrate ligand containing two ether 
oxygen and two aza nitrogen atoms. 
The design of novel macrocyclic ligands and their complexes is 
interesting in view of their use as models to elaborate the metal ions 
interaction and to get an insight of the coordinating sites in metallo-
proteins and in other biological systems''*^"''*'. These macrocyclic ligands 
also serve as models to study magnetic exchange phenomena. The 
macrocyclic ligands and their complexes have a diverse use in various fields. 
They are used as models for protein metal binding sites, pigments, vitamin B12, 
photosynthesis, dioxygen, sodium and potassium ion transport.'''^''^° In 
biomedical systems'^'"'^' they are used as therapeutic reagents'^^"'^ in chelate 
therapy for the treatment of metal intoxication, as anti-HIV agents'^^''^^, and as 
cyclic antibiotics whose antibiotic activity is because of specific metal 
complexation. Macrocyclic complexes are also used as synthetic ionophores'^^' 
, as sequestering reagents for specific metal ions'^'"'^^, as chemical sensors'^''" 
in catalysis. They have their rapidly growing applications as 
radiopharmaceuticals, contrast agents in magnetic resonance imaging'^'"'^'' 
(MRI) and as luminescence sensors.^ ^ "^'^ ^ These areas have led to a 
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considerable effort in developing reliable inexpensive synthetic routes 
for this category of compounds 9-12 
Thus, the macrocyclic chemistry is a rapidly emerging interdisciplinary field, 
bridging organic and inorganic coordination chemistry which needs intensive 
research. In view of vast applications of macrocyclic ligands and their complexes it 
was thought worthwhile to carry out some synthesis of novel macrocyclic 
complexes which may add up to this vast area of knowledge. 
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HJ 
CHAPTER 11 
INSTRUMENTAL METHODS 
AND THEORY 
There are several physico-chemical methods available for the characterization 
of coordination compounds. A brief description of the techniques used in the 
investigation of the newly synthesized macrocyclic complexes described in the 
present work are given below: 
1- Infrared Spectroscopy 
2- Nuclear Magnetic Resonance Spectroscopy 
3- Electron Paramagnetic Resonance Spectroscopy 
4- Ultraviolet and Visible (Ligand Field) Spectroscopy 
5- Magnetic Susceptibility Measurements 
6- Molar Conductance Measurements 
7- Elemental Analysis 
1. INFRARED SPECTROSCOPY 
When infrared light is passed through a sample some of the frequencies 
are absorbed while other frequencies are transmitted through the sample 
without being absorbed. The plot of the percent absorbance or percent 
transmittance against frequency result is an infrared spectrum. 
The IR radiation does not have enough energy to induce electronic 
transitions observed in UV spectroscopy. Absorption of IR radiation is 
restricted to the compounds with small energy differences in the possible 
vibrational and rotational states. For a molecule to absorb IR radiation, the 
vibrations or rotations with in a molecule must cause a net change in the dipole 
moment of the molecule. The alternating electrical field of the radiation 
interacts with fluctuations in the dipole moment of the molecule. If the 
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frequency of the radiation matches the vibrational frequency of the molecule 
then radiation will be absorbed, causing a net change in the amplitude of the 
molecular vibration. 
In the absorption of the radiation, only transition for which change in the 
vibrational energ}' level is AV=1 can occur, since most of the transition will 
occur from stable V^to Vi. The frequency corresponding to its energy is called 
the fundamental frequency. 
The group frequency which are frequencies of certain groups are 
characteristic of the group irrespective of the nature of the molecule in which 
these groups are attached. The absence of any band in the approximate region 
indicates the absence of that particular group in the molecule. 
The terni "'infrared" covers the range of electromagnetic spectrum 
between 0.78 and 1000 fim. In the context of infrared spectroscopy, wavelength 
is measured in "wavenumbers", which have the unit in cm'' 
Wave number - 1/wavelength in centimeters 
v=\ll. 
It is useful to divide the infrared region into three sections; near, mid 
and far infrared; 
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Region Wavelength range(jini) Wavelength range (cm' ) 
Near 0.78-2.5 12800-4000 
Middle 2.5-50 4000-200 
Far 50-1000 200-10 
Important Group Frequencies in the IR Spectra Pertinent to the 
Discussion of the Newly Synthesized Compounds. 
a) N-H Stretchiug Frequency 
The N-H Stretching vibrations occur in the region 3300-3500 cm in 
dilute solution.' The N-H stretching band shifts to lower value in the solid state 
due to the extensive hydrogen bondmg. Primary amines in the dilute solutions, in 
non-polar solvents give two absorption bands in the above mentioned region, the 
first of which due to symmetric stretch is usually found near 3400 cm'' and 
second which corresponds to asymmetric stretch mode found near 3500 cm"'. 
These bands are usually 125-150 cm"' apart. Secondary amines show only a 
single N-H stretching band in dilute solutions. The intensity and frequency of 
N-H stretching vibrations of secondary amines are very sensitive to structural 
changes. The bands are found in the range 3310-3350 cm"' (low intensity) in 
aliphatic, secondary amines and near 3490 cm"' (much higher intensity) in 
heterocyclic secondary amines such as pyrazole and imidazole. 
b) Methyl Group Frequency 
Absorption arising from C-H stretching in the alkanes occurs in the 
general region of 2840-3000 cm*'. The position of C-H stretching vibrations 
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are among ihe most stable in the spectrum. An examination of a large number 
of saturated hydrocarbons containing methyl group showed' in all cases, two 
distinct bands occurring at 2960 cm"' and 2870 cm"'. The first of these results 
from asymmetric stretching mode in which two C-H bonds of the methyl 
group are extending while the third one is contracting (Vasy, CH3). The second 
arises from symmetric stretching (Vj^ .,CH3) in which all three of the C-H bonds 
extend and contract in phase. The presence of several methyl groups in a 
molecule results in a strong absorption band at these positions. 
c) C-N Stretching Frequency 
The C-N stretching absorption gives rise to strong bands in the region 
1250-1350 cm"' in all the amines.'"^ In primary aromatic amines there is one 
band in the 1250-1340 cm"' region but in secondary amines two bands have 
been found in the 1280-1350 cm"' and 1230-1280 cm"' regions. 
d) C=N Stretching Frequency 
Schiff s bases (RCH=NR, imines), oximes, thiazoles, iminocarbonates 
etc. show the C=N stretching frequency in the 1471-1689 cm"' region.''^ 
Although the intensity of the C=N stretch is variable, however it is usually 
more intense than the C=C stretch. 
e) N-N Stretching Frequency 
A strong band appearing in the region around 1000 cm"' may reasonably 
be assigned^ to v (N-N) vibrations. 
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1) Sn-N Stretching Frequency 
A medium intensity band appearing in the region around 445-480 cm"' 
may reasonably be assigned"* to v (Sn-N) vibrations. 
g) C-O Stretching Frequency 
The C-O stretching vibrations in phenols generally produce^ a strong 
band in the 1000-1260 cm'^  region of the spectrum. The C-O stretching 
mode is coupled with the adjacent C-C stretching vibration, thus it 
might better be described as an asymmetric C-C-0 stretching vibration. 
h) 0-H Stretching Frequency 
The 0-H stretching frequency is observed ' nearly in the same range as 
N-H frequency (3400-3500 cm''). However, the observed absorption for N-H 
is normally narrower than for 0-H. This is a useful means of distinguishing N-
H and 0-H stretching modes. 
i) M-N Stretching Frequency 
Tlie M-N stretching frequency is of particular interest since it provides 
direct infonnation regarding the metal-nitrogen coordinate bond. Different amine 
complexes exhibited the metal-nitrogen frequencies in the 300-450 cm region. 
j) M-X Stretching Frequency 
Metal-halogen stretching bands appear in the region of 500-750 cm for 
MF, 200-400 cm"' for MCI, 200-300 cm"' for MBr and 100-200 cm"' for MI. 
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k) M-O Stretching Frequency 
Metal-oxygen stretching frequency has been reported to appear in 
different regions for different metal complexes. The M - 0 stretching frequency 
of nitrato complexes lie in the range of 250-350 cm"'. Furthemiore unidentate 
nitrate group display bands around 1497, 1271 and 992 cm' region assigned 
to V (N-0) vibrations. 
FT-IR spectra (4000-200cm'') were recorded as KBr or CsCl discs on a 
Perkin Elmer-621 spectrophotometer from Central Research Drug Institute, 
Lucknow, India. 
2. NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
'H N M R Spectroscopy 
Nuclei of isotopes which possess an odd number of protons, and odd 
number of neutrons or both exhibit mechanical spin phenomenon which are 
associated with angular momentum. This angular momentum is characterized 
by a nuclear spin quantum number, I such that, I = l/2n, where n is an integral 
0, 1,2.3, etc. 
The nuclei with I ==^  0, do not possess spin angular momentum and do not 
exhibit magnetic resonance phenomena. The nuclei of '"C and '^ O fall into this 
category. Nuclei for which I =1/2 include 'H, ' ^ , '^C, ^'P and ' X while ^H and 
' V have 1=1. 
Since atomic nuclei are associated with charge, a spinning nucleus 
generates a small electric current and has a finite magnetic field associated with 
it. The magnetic dipole, ^, of the nucleus varies with each element. When a 
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spinning nucleus is placed in a magnetic field the nuclear magnet experiences a 
torque which tends to align it with the external field. For a nucleus with a spin 
of 1/2, there are two allowed orientations of the nucleus, parallel to the field 
(low energy) and against the field (high energy). Since the parallel orientation 
is lower in energy, this state is slightly more populated than the anti-parallel, 
high energy state. 
If the oriented nuclei are now irradiated with electromagnetic radiation 
of the proper frequency, the lower energy state will absorb a quantum of energy 
and spin-flip to the high energy state. When this spin transition occurs, the 
nuclei are said to be in resonance with the applied radiation, hence the name 
Nuclear Magnetic Resonance. 
The amount of electromagnetic radiation necessary for resonance 
depends on both the strength of the external magnetic field and on the 
characteristic of the nucleus being examined. The nucleus of the proton, placed 
in 14,000 gauss field, undergoes resonance when irradiated with radiation in 
the 60 MHz, higher magnetic fields, such as those common in superconducting 
magnets, require higher energy radiation and give a correspondingly higher 
resolution. 
The ' H N M R spectra in DMSO-dg using a Bruker AC 200E NMR 
spectrometer with Me4Si as an internal standard were obtained from Guru 
Nanak Dev University, Amritsar and Indian Institute of Technology, Kanpur, 
India. 
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'^C NMR Spectroscopy 
'"^ C has a nauclear spin of Vz and can be observed by NMR at a 
fiequency of 10.705 MHz at a field strength of 10 Kilogauss. The relative 
abundance of '^ C is only 1.1% (compared to ''C), the '"C resonance has only 
1.6% the sensitivity of 'H resonances and the relaxation time for ' C is longer 
than ' H . '"C chemical shifts span slightly over 200 ppm in contrast to the 
typical 8 to 9 ppm range in the 'H NMR; thus considerably more structural 
infomiation is generally available from C NMR chemical shift data. The 
second very important difference between H and C NMR spectroscopy is 
that diamagnetic effects are dominant in the shielding of the hydrogen nucleus, 
whereas paramagnetic effects are the dominant contributors to the shielding of 
the '^ C nucleus. Long-range shielding effects that were important in the ' H 
NMR are less impotant in C NMR. As a result, "C chemical shifts generally 
do not parallel ' H chemical shifts. Since the spin number for '^ C is the same for 
'H , the same rule apply for predicting the multiplicity of this absorption. The 
coupling constants for ' ^C- 'H are large (100-250 Hz) and thus interpretation of 
the '"'C spectra can be difficult because of the overlapping ' " C - ' H multiplets. 
To simplify the spectrum, C NMR spectra are generally recorded under 
double resonance conditions in which the coupling of ' H to '"'C is destroyed. 
Complete H coupling is accomplished by irradiating the ' H resonance region 
with a broad band width radio frequency radiation, termed "noise", sufficient to 
cover the entire ' H resonance region. The '^ C NMR spectra thus obtained 
contain only singlet resonances corresponding to its chemical shifts. 
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\cLpSIKM^KKtKKKKIKBBtKKiJTMJs&jr. r^oru 
'^ C NMR spectra were recorded in DMSO-de using Jeol Eclipse-400 
spectrophotometer from King Saud University, College of Sciences, Riyadh. 
Saudi Arabia (Kingdom of Saudi Arabia). /^ v» '^*** ^"^ ''^^ 
m^h 
3. ELECTRON SPIN RESONANCE SPECTROSCOI^ 
In 1936, Gorter demonstrated'*^ that a paramagnetic salt \vl 
a high frequency alternating magnetic field absorbs energy which is influenced 
by the application of a static magnetic field either parallel or perpendicular to 
the alternating magnetic field. Since then this phenomenon has become a 
technique of immense importance in science. 
It is well known that a paramagnetic ion has a magnetic moment and 
therefore its ground state is degenerate. If this ion is placed in a strong static 
jnagnetic field the degeneracy is lifted and the energy levels undergo a Zeeman 
splitting. Application of an oscillating magnetic field of appropriate frequency 
will induce transitions between the Zeeman levels and the energy is absorbed 
from the electromagnetic field. If the static magnetic field is slowly varied, the 
absorption shows a series of maxima. The plot between the absorbed energy 
and the magnetic field is called the electron paramagnetic resonance spectrum. 
A system of charges exhibit paramagnetism whenever it has a resultant 
angular momentum. Such paramagnetic systems includes elements containing 
3d, 4d, 4f, 5d, 5f, 6d etc. electrons, atoms having an odd number of electrons 
like hydrogen, molecules containing odd number of electrons such as NO2, NO 
etc. and free radicals which posses an unpaired electron like methyl, diphenyl, 
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picryl, hydazide free radical etc. are among the suitable reagents for EPR 
investigation. 
Splitting of energy levels in EPR occurs under the effect of two types of 
fields, namely the internal crystalline field and applied magnetic field. While 
studying a paramagnetic ion in a diamagnetic crystal lattice, two types of 
interactions are observed, i.e. mteractions between the paramagnetic ions called 
dipolar interaction and the interactions between the paramagnetic ion and the 
diamagnetic neighbour called crystal field interaction. For small doping amount 
of paramagnetic ion in the diamagnetic host, the dipolar interaction will be 
negligibly small. The latter interaction of paramagnetic ion with diamagnetic 
ligands modifies the magnetic properties of the paramagnetic ions. According 
to crystal field theory, the ligand influences the magnetic ion through the 
electric field, which they produce at its site and their orbital motion gets 
modified. The crystal field interaction is affected by the outer electronic shells. 
The dipole-dipole interaction arises fi-om the influence of magnetic field 
of one paramagnetic ion on the dipole moments of the neighbouring, similar 
ions. The local field at any given site will depend on the arrangements of the 
neighbours and the direction of their dipole moments. Thus the resultant 
magnetic field on the paramagnetic ion will be the vector sum of the external 
field and the local field. This resultant field varies from site to site giving a 
random displacement of the resonance frequency of each ions and thus 
broadening the line widths. 
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Hyperfme interactions are mainly magnetic dipole interactions between 
the electronic magnetic moment and the nuclear magnetic moment of the 
paramagnetic ion. The quartet structure in the EPR of vanadyl ion is the result 
of hyperfme interactions. The origin of this can be understood simply by 
assuming that the nuclear moment produces a magnetic field BN at the 
magnetic electrons and the modified resonance condition will be E = hi) = 
gPl/2B + B^4l/2 where BN takes up 21+1, where I is the nuclear spin. There 
may be an additional hyperfme structure also due to interaction between 
magnetic electrons and the surrounding nuclei called superhyperfine structure. 
The effect was first observed by Owens and Stevens in ammonium hexa 
chloroiridate^ and subsequently for a number of transition metal ions in various 
hosts.'"'" 
EPR spectra of all tlie copper complexes were recorded on a JEOL JES RE2X 
EPR spectrometer at room temperature from the Department of Physics, Aligarh 
Muslim University, Aligarh, India. The g|| and gi values were calculated from 
these spectra. 
4. ULTRA-VIOLET AND VISIBLE (LIGAND FIELD) 
SPECTROSCOPY 
Most of the compounds absorb light somewhere in the spectral region 
between 200 and 1000 nm. These transitions correspond to the excitation of 
electrons of the molecules from ground state to higher electronic states. In a 
transition metal all the five d-orbitals viz. d^,, d,., d d, and d , , are 
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degenerate. However, in coordination compounds due to the presence of 
ligands this degeneracy is lifted and d-orbitals spHt into two groups called t2g 
{d^^,^d^ and d^) and Cg {d^^ and d^, j) in an octahedral complex and t and e in 
a tetrahedral complex. The set of t2g orbitals goes below and the set of Cg 
orbitals goes above the original level of the degenerate orbitals in an octahedral 
complex. In case of the tetrahedral complexes the position of the two sets of the 
orbitals is reversed, the e going below and t going above the original 
degenerate level. When a molecule absorbs radiation, its energy is equal in 
magnitude to hv and can be expressed by the relation: 
E = hv 
Or £ = hc/X 
where h is Planck's constant, v and X are the frequency and wavelength of the 
radiation, respectively and c is the velocity of the light. 
In order to interpret the spectra of transition metal complexes, the device 
of energy level diagram based upon 'Russell Saunder Scheme' must be 
introduced. This has the effect of splitting the highly degenerate configurations 
into groups of levels having lower degeneracies known as 'Term Symbols'. 
The orbital angular momentum of electrons in a filled shell vectorically 
adds up to zero. The total orbital angular momentum of an incomplete d shell 
electron is observed by adding L value of the individual electrons, which are 
treated as a vector with a component mi in the direction of the applied field. 
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L = Simii =0, 1,2,3,4,5,6, 
S, P, D, F, G, H, I 
The total spin angular momentum S = Sj S; where Sj is the value of spin 
angular momentum of the individual electrons. S has a degeneracy i equal to 
2S + 1, which is also known as Spin Multiplicity. Thus a term is finally 
denoted as ^L. For example, if S = 1 and L = 1, the term will be ""P and 
similarly if S = 1 '/a, and L = 3, the term will be '*F. 
In general, the terms arising from a d" configuration are given below: 
d'd^ : ^D 
d^  d^  : ¥ , ^P, 'G, ' D , 'S 
d^  d^  : "F, ^P, ^H, ^G, ^F, ^0(2), P^ 
d^  d^  : ^D, ^ H, ^ G, ^ F(2), ^ D, ¥(2), 'l, 'G (2 ) , ' F , ' D ( 2 ) , ' S ( 2 ) 
d' : "S, ' G , ' F , ' D , ' P , \ -H, ' G ( 2 ) , 2F(2), ^D(3) , ¥ , ^S. 
Coupling of L and S also occurs, because both L and S if non-zero, 
generate magnetic fields and thus tend to orient their moments with respect to 
each other in the direction where their interaction energy is least. This coupling 
is known as LS coupling' and gives rise to resultant angular momentum 
denoted by quantum number J which may have quantized positive values from 
|L + S I up to I L - S I e.g., in the case of ¥ (L - 1, S = 1), ' 'F (L = 3, S = 1 'A) 
possible values of J representing state, arising from term splitting are 2,1 and 0 
and 41/2,3 Vi, 2 Vi, and 1 Vi. Each state specified by J is 2J + 1 fold degenerate. 
The total number of states obtained from a term is called the multiplet and each 
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value of J associated with a given value of L is called component. Spectral 
transitions due to spin-orbit coupling in an atom or ion occurs between the 
components of two different multiplets while LS coupling scheme is used for 
the elements having atomic number less than 30, in that case spin-orbit 
interactions are large and electrons repulsion parameters decreases. The spin-
angular momentum of an individual electron couples with its orbital 
momentum to give an individual J for that electron. The individual J s couple to 
produce a resultant J for the atom. The electronic transitions taking place in an 
atom or ion are governed by certain Selection Rules which are as follows 
1. Transitions between states of different multiplicity are forbidden. 
2. Transitions involving the excitation of more than one electron are forbidden. 
3. In a molecule, which has a centre of symmetry, transitions between two 
gerade or two ungerade states are forbidden. 
It is possible to examine the effects of crystal field on a polyelectron 
configuration. The ligand field splitting due to cubic field can be obtained by 
considerations of group theory. It has been shown that an S state remains 
unchanged. P states does not split, and D state splits into two and F state into 
three and G state into four states as tabulated below: (Applicable for an 
octahedral Oh as well as tetrahedral Td symmetry). 
S Ai 
P T, 
D E + T2 
F A2 + T, + T2 
G A2 + E + T, + T2 
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Transitions trom the ground state to the excited state occur according to 
the selection rules described earlier. The energy level order of the states arising 
from the splitting of a term for a particular ion in an octahedral field is the 
reverse that of the ion in a tetrahedral field. However, due to transfer of charge 
from ligand to metal or metal to ligand, sometimes bands appear in the 
ultraviolet region of the spectrum. These spectra are known as 'Charge 
Transfer Spectra or 'Redox Spectra.' In metal complexes there are often 
possibilities that charge transfer spectra extend into the visible region to 
obscure d-d transition. However, these should be clearly discerned from the 
ligand bands, which might also occur in the same region. 
The electronic spectra of complexes in DMSO-dg were recorded on a Pye-
Unicam 8800 spectrophotometer at room temperature from the Instrumentation 
Center, Department of Chemistry, Aligarh Muslim University, Aligarh, India. 
5. MAGNETIC SUSCEPTIBILITY MEASUREMENTS 
The detemiination of magnetic moments of transition metal complexes have 
been found to provide ample infomiation in assigning their structure. The main 
contribution to bulk iriagnetic properties arises from magnetic moment resulting 
from the motion of electrons. It is possible to calculate the magnetic moments of 
known compounds from the measured values of magnetic susceptibility. 
There are several kinds of magnetism in substances viz. diamagnetism, 
paramagnetism and ferromagnetism or anliferromagnetism. Mostly compounds 
of the transition elements are paramagnetic. Diamagnetism is attributable to the 
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closed shell electrons with an applied magnetic field. In the closed shell the 
electron spin moment and orbital moment of the indi\'idual electrons balance 
one another so that there is no magnetic moment. Ferromagnetism and 
antiferromagnetism arise as a result of interaction bet\veen dipoles of 
neighbouring atoms. 
If a substance is placed in a magnetic field H, the magnetic induction B 
with the substance is given by 
B = H+47d 
Where I is the intensity of magnetization. The ratio B/H is called 
magnetic permeability of the material and is given by 
B/H = I+ 4n(l/H) ^I+47tK 
where K is called the magnetic susceptibility per unit volume or volume 
susceptibility. B/H is the ratio of the density of lines of force within the 
Substance to the density of such lines in the same region in the absence of 
sample. Thus the volume susceptibility of a vacuum is by definition zero since 
in vacuum B/H = 1. 
When magnetic susceptibility is considered on ihe weight basis, the 
gram susceptibility (Xg) is used instead of volume susceptibility. The jiefr value 
can then be calculated from the gram susceptibility multiplied by the molecular 
weight and corrected for diamagnetic value as 
where T is the absolute temperature at which the experiment is perfomied. 
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The magnetic properties of any individual atom or ion will result from 
some combination of these two properties that is the inherent spin moment of 
the electron and the orbital moment resulting from the motion of the electron 
around the nucleus. The magnetic moments are usually expressed in Bohr 
Magnetons (BM). The magnetic moment of a single electron is given by 
2+ 
//, = g^S(S + l) BM 
where S is the spin quantum number and g is the gyromagnetic ratio. For Mn"""", 
Fe^^ and other ions whose ground states are S states there is no orbital angular 
momentum. In general, however, the transition metal ion in their ground state 
D or F being most common, do possess orbital angular momentum. For such 
9 + 0-4-
ions, as Co and Ni , the magnetic moment is given by 
in which L represents the orbital angular momentum quantum number for the ion. 
The spin magnetic moment is insensitive to the environment of metal 
ion, the orbital magnetic moment is not. In order for an electron to have an 
orbital angular momentum and there by an orbital magnetic moment with 
reference to a given axis, it must be possible to transform the orbital into a fully 
equivalent orbital by rotation about that axis. For octahedral complexes the 
orbital angular momentum is absent for Aig, A2g and Eg term, but can be 
present for Tig and T2g terms. Magnetic moments of the complex ions with A2g 
and Eg ground terms may depart from the spin-only value by a small amount. 
The magnetic moments of the complexes possessing T ground terms usually 
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differ from the high spin value and vary with temperature. The magnetic 
moments of the complexes having a ^Aig ground term are very close to the 
spin-only value and are independent of the temperature. 
For octahedral and tetrahedral complexes in which spin-orbit coupling 
causes a split in the ground state an orbital moment contribution is expected. 
Even no splitting of the ground state appears in cases having no orbital moment 
contribution, an interaction with higher states can appear due to spin-orbit 
coupling giving an orbital moment contribution. 
Practically the magnetic moment value of the unknown complex is 
obtained by a Gouy Magnetic balance. Faraday method can also be applied for 
the magnetic susceptibility measurement of small quantit}' of solid samples. 
The gram susceptibility is measured by the following formula. 
where Xg ^ Gram Susceptiblity 
AW = Change in weight of the unknown sample with magnets on and 
off 
W = Weight of the known sample 
A Wstd = Change in weight of standard sample with magnets on and off 
Wsid = Weight of standard sample. 
Xstd = Gram susceptibility of the standard sample. 
The magnetic susceptibility measurements were canied out using Faraday 
balance at 300°K from Guru Nanak Dev University, Amritsar, India. 
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6. CONDUCTIVITY 
The resistance of a sample of an electrolytic solution is defined by 
R=p[l/A] 
where / is the length of a sample of electrolyte and A is the cross sectional area. 
The symbol p is the proportionality constant and is a property of a solution. 
This property is called resistivity or specific resistance. The reciprocal of 
resistivity is called conductivity, K 
K = I/p = I/RA 
Since / is in cm, A is in cm^ and R in ohms (Q), the units of K are Q.'^ 
cm"' or S cm"' (Siemens per cm) 
Molar Conductivity 
If the conductivity K is in Q' cm" and the concentration C is in mol cm" , 
then the molar conductivity A is in Q"' cm^ mol"' and is defined by 
A=?c/C 
where C is the concentration of solute in mol cm'". 
Conventionally, solutions of 10"" M concentration are used for the 
conductance measurement. Molar conductance values of different types of 
electrolytes in a few solvents are given below; 
A 1:1 electrolyte may have a value of 70-95 ohm'' cm^ mol"' in 
nitromethane, 50-75 ohm"' cm^ mof' in dimethyl formainide, 50-100 ohm'' cm^ 
mol"' in dimethylsulfoxide and 100-160 ohm"' cm^ mol"' in methyl cyanide. 
Similarly a solution of 2:1 electrolyte may have a value of 150-180 ohm"' cm^ 
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mol"' in nitromethane, 130-170 ohm"' cm^ mol"' in dimethylfomiamide, 100-200 
ohm"' cm^ mol"' in dimethylsulfoxide and 140-220 ohm"' cm^ mol"' in methyl 
cyanide.'^"''' 
The electrical conductivities of 10'^  M solutions in DMSO were recorded 
on a Control Dynamics Conductivity Bridge equilibrated at 25° C ± 0.01°C. 
7. ELEMENTAL ANALYSIS 
The chemical analysis is quite helpful in fixing the stoichiometric 
composition of the ligand as well as its metal complexes. Carbon, hydrogen 
and nitrogen analyses were carried out on a Perkin Elmer-2400 analyzer from 
Central Drug Research Institute, Lucknow, India. Chlorine was anal>zed by 
conventional method.'^ For the metal estimation'^ a known amount of complex 
was decomposed with a mixture of nitric, perchloric and sulfuric acids in a 
beaker. It was then dissolved in water and made up to known volume so as to 
titrate it with standard EDTA. For chlorine estimation, a known amount of the 
sample was decomposed in a platinum crucible and dissolved in water with a 
little concentrated nitric acid. The solution was then treated with either silver 
nitrate or barium chloride solution. The precipitate was then dried and weighed. 
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CHAPTER I I I 
SYNTHESIS AND PHYSICO-CHEMICAL STUDIES OF 
14-MEMBERED TETRAAZAMACROCYCLIC 
COMPLEXES OF Co(II) , Ni( I I ) , Cu(I I) AND Zn( I I ) 
DERIVED FROM 3,4-DIAMINOBENZOPHENONE. 
INTRODUCTION 
The tetraazamacroc^clic ligands and their metal complexes have 
attracted growing interest among the coordination chemists followed by many 
workers on the metal controlled template synthesis of macrocyclic species. ' 
Tetraazamacrocycles, especially when coordinated to metal centers, are 
considered to be model for metalloporphyrins and metallocorrins due to the 
presence of four nitrogen donor sites in a ring structure.^ In these metal 
complexes the metal ions as well as the ring play important roles on different 
counts. The metal ion directs the reaction preferentially towards cyclic rather 
than oligomeric or polymeric products. The use of metal as template in such 
reactions has led to the synthesis of many complexes of macrocyclic ligands. 
Lindoy and coworkers^ have made elegant studies on ligand design and metal 
ion recognition of tetraaza and mixed polyaza macrocyclic complexes. 
Macrocyclic ligands as well as their complexes have wide range of applications 
in the areas like catalysis,*°'" dioxygen carriers,'""'^ as anticancer drugs''' and 
their use as radioimmunotherapeutic agents.'^ Many tetraazamacrocyclic 
complexes stabilize unusual oxidation states of the metal species due to 
stabilization by back bonding between die metal and nitrogen.'^ 
Condensation of primary diamine with haloalkanes has played a vital 
role in the development of synthetic macrocyclic ligands, which have been 
proved to be a fruitful source of tetraazamacrocycles. A literature search 
revealed ' that a large number of tetraaza macrocyclic transition metal 
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complexes have been prepared and characterized but no work has been done on 
tetraaza macrocyclic complexes derived from 3,4-diaminobenzophenone 
derivatives. Herein, we report the synthesis of 14-membered 
tetraazamacrocyclic complexes of Co(II), Ni(II), Cu(n) and Zn(II) and their 
physico-chemical properties. 
EXPERIMENTAL 
Materials and Methods 
The metal salts, MXrGUiO (M=Co and Ni; X=C1 or NO3) (Merck), 
Cu(N03)2 -SHzO, CuCl2-2H20 (Merck), and ZnClz, Zn(N03)2-6H20 (Merck) 
were commercially available pure samples and were used without any further 
purification. 3,4-diaminobenzophenone (Fluka) and 1,3-dibromopropane 
(Merck) were used as received. Methanol used as solvent was dried before use. 
Synthesis of dichioro/nitrato [3,6,10,13-tetraa2a-4,5:11,12-
dibenzophenone cycio tetradecane] metal(II) [MLX2] 
[M=Co(II), Ni(II), Cu(II) and Zn(II); X = CI or NO3]. 
To a stirred methanolic solution (~25mL) of metal salt (0-001 moles) in 
a two-necked round-bottomed flask was added dropwise a methanolic solution 
of 3,4-diaminobenzophenone (0*424g, 0-002 moles) followed by the addition 
of 1,3-dibromopropane (0-21 mL, 0-002 moles). The contents of reaction 
mixture were stirred and refluxed for a total of 6h. After cooling, the solution 
was filtered off, and the isolated solid product was washed several times with 
methanol, and dried in vacuo at room temperature. 
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o 
MX2 . nHjO + 2 
Br Br 
.NH-, 
'NH, 
1 
NH X NH 
M /w 
NH X NH 
Where, M = Co(Il), Ni(il), Cu(ll) and Zn(II) 
X = CI, NO3 
Scheme 1 
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RESULTS AND DISCUSSION 
A new series of tctraazamacrocyclic complexes [MLX2] [M = Co(II), 
Ni(II), Cu(II), and Zn(II); X = CI or NO3] have been synthesized by the 
template condensation of the respective metal salt, 3,4-diaminobenzophenone 
and 1,3-dibromopropane in methanol in 1:2:2 molar ratio as shown in 
Scheme 1. All cornplexes are stable to the atmosphere and are completely 
soluble in DMF, DMSO, and CH2CI2. Elemental analyses (Table 1) agree well 
with the proposed structure of the complexes as shown in Scheme 1. The low 
molar conductance values of the complexes in DMSO (IO'^'M) at room 
temperature support^° the non-electrolytic nature of these complexes. 
However, attempts to grow single crystal suitable for X-ray crystallographic 
studies did not succeed. 
IR Spectra 
The prominent bands in the IR spectra of the complexes are shown in 
Table 2. The presence of sharp single band in the 3215-3270cm'' region 
assignable to coordinated v(N-H) and the absence of bands characteristic of 
NH2 groups of the 3,4-diaminobenzophenone moiety in all the complexes 
indicate formation of macrocyclic framework (Scheme 1). The weak intensity 
band appearing at 1610-1650cm'' is assigned to 5(N-H) vibrations for 
secondary amine. This was further corroborated by the appearance of a band 
around 1165-1195cm"' which is a characteristic of v(C-N). The presence of 
new medium-intensity band at 385-410cm'' region may be due to the v(M-N) 
vibration.^^ Bands at ca. 2900 and 1450cm'' for all the complexes correspond 
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to CH stretching and CH bending vibrations, respectively. All the complexes 
show bands in the 1400-1440, 1030-1070 ad 720-760cm'' regions and can be 
assigned to phenyl ring vibrations.^" Bands observed at 310-320 and 270-
300cin"' in the nitrato and chloro complexes are assignable to v(M-O) and v(M-
Cl), respectively. '^* The nitrato complexes show bands in the 1230, 1040 and 
SlOcm"' regions indicatitig monodentate natoie of the mtraVo gioup, howevet, 
the 1040 cm'' region band coincides with the ring vibrations. 
Electronic Spectra and Magnetic Moments 
The electronic spectra of the Co(II) complexes showed two main bands 
in the 14120-14,200 and 20,800-20,990 cm"' regions, which may be attributed" 
to the ''Tig(F) — '^*A2g(F) and Tig(F) —• '*Tig(P) transitions, respectively 
(Table 3), consistent with the octahedral geometry around the Co(II) ion. The 
observed magnetic moment values (Table 3) complement the electronic 
spectral data. 
The proposed octahedral geometry around the Ni(II) ion is also 
confirmed^^ by the positions of absorption bands obtained in the regions 11200-
11270, 17,550-17,700 and 27,695-27,705cm"' attributable to 'A2g(F) -^ 
^T2g(F), ^A2g(F) -^ ^Tig(F) and ^A2g(F) -^ ^T,g(P) transitions, respectively. 
This has been further confirmed by the observed values of the magnetic 
moment (Table 3). The electronic spectra of the Cu(II) macrocyclic complexes 
show two bands in the region 19,100-19,250 and 16,200-16,350cm"' which 
may be assigned'^ ^ to the B ig ^- E^g and '^ B ig —>• •^B2g transitions, respectively, 
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narjam:^^^ r-in'm r^ i-^ -^ ^^ ^^ '^ ''^ -^'^ '''*'-'^ '^ ^ ^r^^t'^j^ 
corresponding to octahedral geometry around the metal ion. Furthgrmore, the 
magnetic moment measurements support the electronic speOffal data 
^H NMR Spectra 
' H N M R spectrum of the zinc complexes recorded in DMSO-de show a 
multiplet in the region 6-71-6-81 ppm corresponding^^ to the secondary amino 
protons which confirm the condensation between primary diamine and 
dibromopropane moieties. A multiplet in the region 7-21-7-25 ppm 
corresponds to the phenyl ring protons. The spectrum shows a triplet (6H 685-
6-89) and a doublet (5H 6-95-7-01) assigned to the Hg and Hb phenyl protons, 
respectively. A multiplet in the 3-02-3-09 ppm region corresponds'''' to the 
methylene protons adjacent to the secondary amino group (N-CH2-C, 8H). 
Another multiplet appeared at 1-81 and 1-90 ppm for the complexes ZnLCl2 
and ZnL(N03)2, respectively, and may reasonably be assigned "''^ ^ to middle 
methylene protons (C-CH2-C, 4H) of the propane chain. 
EPR Spectra 
The EPR spectra of the Ca(II) complexes have been recorded at room 
temperature and their gy and gj^  values have been calculated. All the 
complexes gave a single broad signal with two g values, the calculated gy and 
gj^  were found to be 2-17-2-22 Gauss and 2-09-2-12 Gauss, respectively, 
(Table 3) indicating""' that the unpaired electron is in the d ^_^ orbital and. 
hence, B| is the ground state. It has been reported^"* that for an ionic 
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environment, g||>2-3. In these complexes the g|| values (2-17-2-22 Gauss) 
indicate that the complexes exhibit considerable covalent character. The g 
values are related by the expression G = (gir2)/(gx-2) which measures the 
exchange interaction between the Cu(II) complexes. The G values for these 
complexes are 2-01 and 1-92 (G<4). which indicate considerable exchange 
interaction in these complexes. 
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CHAPTER IV 
METAL ION DIRECTED SYNTHESIS OF 12 AND 14-
MEMBERED TETRAAZA MACROCYCLIC COMPLEXES 
AND THEIR PHYSICO-CHEMICAL STUDIES. 
INTRODUCTION 
Although a large number of macrocycles ' and their complexes with 
transition metal ions have been synthesized and characterized, but it is only 
within the last two decades that the design and preparation of tetraaza 
macrocyclic ligands and their transition metal complexes has been extensively 
investigated.*"'^ The polyazamacrocycles have attracted increasing interest for 
possible relevance of these compounds as models for metal enzymes and metal 
proteins", as metal-ion selective ligands and their utilization as metal building 
blocks , in catalytic electrochemical reduction of carbon dioxide and the 
activation of dioxygen.''* Template Schiff base condensation between 
dicarbonyl compounds and diamines is among the simplest and most popular 
method reported'^"'^ for macrocyclic synthesis. Metal ion directs the steric 
course of the condensation reaction resulting in ring closure ' . Different ring 
sizes of macrocycles are now readily available by convenient methods.'^ The 
metal template method has been recognized as offering high yielding and 
selective routes to new ligands and their complexes. 
Recently, several tetraaza macrocyclic complexes have been synthesized 
by template condensation. " We now report here the synthesis of new series 
of tetraaza macrocyclic complexes, [ML'Cb], [ML^Cb] [M=Co(II), Ni(II), 
Zn(II)] and [CuL']Cl2, [CuL^]Cl2, by the template condensation reaction 
between o-phenylenediamine and 2,3-butanedione or 1,3-pentanedione, and 
their physico-chemical investigations. 
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EXPERIMENTAL 
Materials and Methods 
The metal salts, MX2-6H20 (M=Co and Ni, X=Cl) (Merck), 
CuCl2-2H20 (Merck) and ZnCb (Central Drug House, India), were 
commercially available pure samples, o-phenylenediamine, 2,3-butanedione 
(both C.D.H.) and 2,4-pentanedione (S.D. Fine Chemical, India) were used 
as received. Methanol used as a solvent was dried before use. 
Synthesis of dichioro [l,4,7,10-tetraa2a-5,6,ll,12-tetramethyl-
4,6,10,12-tetraene-2,3:8,9-dibenzylcyclodidecane] metal(II), 
[ML^ CIz] [M=Co(n), Ni(II) and Zn(II)]. 
To a methanolic solution (~30 mL) of o-phenylenediamine (0-002 
moles, 0.216 g) placed in a three-necked round bottom flask was slowly added 
a methanolic solution (~20mL) of 2,3-butanedione (0*002 moles, 0.178mL) 
and stirred for about 10 min. This was followed by the addition of methanolic 
solution (~25mL) of the metal salt (0-001 mole). The contents of reaction 
mixture were stirred for a further 12h leading to the isolation of a solid product. 
The solid product thus formed was filtered, washed with methanol, vacuum 
dried and kept in a desiccator. The purity of the complexes has been confirmed 
by running TLC in ethylacetate after recrystallizing the compounds in MeCN 
and EtOH mixture. 
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Synthesis of [l,4,7,10-tetraa2a-5,6,ll,12-tetramethyl-
4,6,10,12-tetraene-2,3:8,9-dibenzyl cydodidecane] copper(II) 
chloride, [CuL^ ] CI2. 
The procedure was similar to the one mentioned above, except that the metal 
salt used was CuCl2-2H20. 
Synthesis of dichloro [l,4,8/ll-tetraaza-5,7,12,14-tetramethyl-
4,7,ll,14-tetraene-2,3:9,10-dibenzyl cyclotetradecane 
metal(II), [ML^ CIz] [M=Co(II), Ni(II) and Zn(II)]. 
An analogous method of synthesis was adopted except that 2,4-pentanedione 
(0-02 moles, 0.21mL) was used instead of 2,3-butanedione. 
Synthesis of [l,4,8,ll-tetraaza-5,7,12,14-tetramethyl-
4,7,ll,14-tetraene-2,3:9,10-dibenzyi cyclotetradecane] 
copper(II) chloride [CuL^ JCb 
Here too the procedure was similar to that described above but the metal salt 
used was CuCl2-2H20. 
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a NHj 
HjC, CHj 
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MOj 
NI^ 
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2f 
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HjC H j 
Cott^iUxes of Ligand L 
where M = Co(II), Ni(II) and Zn(II) 
Scheme 1 
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RESULTS AND DISCUSSION 
A new series of tetraaza macrocyclic complexes, [ML CI2] and 
[ML^Cla)] [M=Co(II), Ni(II), Cu(II) and Zn(II)] and [CuL'jCb, [CuL^JCb have 
been synthesized by the template condensation of o-phenylenediamine and 2,3-
butanedione or 2,4-pentanedione as shown in Scheme 1. However, attempts to 
synthesize the corresponding metal free macrocyclic ligands did not prove 
successful. All the complexes were stable in air and were soluble in DMSO, 
DMF and MeCN. 
The analytical results (Table 1) agree well with the proposed structures 
of the complexes as shown in Scheme 1. The low molar conductance values of 
all the compounds except the copper complexes indicate their non-electrolytic 
nature in DMSO, while the copper complexes show the value expected '^* for 
1:2 electrolytes. 
IR Spectra 
The prominent IR spectral bands of the complexes are presented in 
Table 2. The IR spectra of all the complexes show a new strong intensity band 
in the 1590-1630 cm" region, which may reasonably be assigned to the imine 
function V(C = N ) of the macrocyclic system. The IR spectra of all the 
complexes, exhibit no bands characteristic of either free primary amine or 
carbonyl functions, thus supporting the formation of proposed macrocyclic 
skeleton (Scheme 1). However, a strong intensity band of v(C - N) appears at 
its estimated position (Table 2). The presence of a medium-intensity band at 
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4l0-440cm'' region corresponding to the V ( M - N ) vibration^^ further confimi 
the formation of the macrocyciic ligand. All the complexes show bands in the 
1400-1460, 1080-1130 and 740-760 cm"' regions assigned to phenyl ring 
vibrations.^* The coordination of the chloro group has been ascertained by a 
band in 280-310cm"' region which may reasonably, be assigned^^ to V(M -Cl). 
H^ NMR Spectra 
The ' H NMR spectra of both the Zn(II) macrocyciic complexes recorded 
in DMSO-de show a sharp signal at 2-46-2-51 ppm corresponding^*^ to imine 
methyl (CH3C=N; 12H) protons. The ' H NMR spectra of [ZnL'Cb] gave a 
single band at around 2-18 ppm which may be assigned"'' to central methylene 
(C-CH2-C; 4H) protons of the 2,4-pentanedione. All the spectra show 
multiplets in the region 7-32-7-35 ppm corresponding to phenyl ring protons"^ 
(C6H4; 8H). However, no band could be identified which may correspond to 
primary amino protons. Thus ' H NMR spectra further support the fonnation of 
macrocyciic framework (Table 3). 
Electronic spectroscopy and Magnetic moments 
The electronic spectra (Table 4) of the Co(II) complexes showed two 
bands in the regions 14260-14400 and 21150-21500 cm'', which may 
reasonably be assigned^ '^^ " to the ''T,g(F) -^''A2g(F) and ''T,g(F) -^ ^T,g(P) 
transitions, respectively, suggesting an octahedral geometry around the 
cobalt(II) ion. However, the third band expected around 8000 cm"' could not 
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be properly resolved. The magnetic moment values of 4-57 and 4-56 B.M. 
(Table 4) further support the electronic spectra. 
The macrocyclic complexes derived from Nickel(II) exhibit two bands 
in their electronic spectra in the regions 11400-11600 and 18100-18300 cm"' 
which may be ascribed'^ to^ AjgCF) -^ ^T,g(F) and ^A2g(F) -> ^Tig(P) 
transitions, respectively, consistent with an octahedral geometry around the 
Nickel(II) ion. Further confiniiation regarding the octahedral environment 
around the Ni(II) ion has been obtained from their magnetic moment values of 
3I5and318B.M. 
The observed magnetic moments 1-81 and 1-84 B.M. for copper(II) 
complexes correspond to a typical square planar complex which has been 
substantiated by bands observed in their electronic spectra. The electronic 
spectra of these complexes show a broad band at 17200 cm'' and 17500 cm"' 
respectively for [CuL'jCb and [CuL^] CI2, assignable^^ to ^Bjg -^^Aig 
transitions. However, two weak shoulders appearing in the regions 20700-
20900 and 11300-11600 cm"' may be ascribed to ^Bjg -> E^g and ^Bjg -^ ^Bjg 
transitions, respectively, confirming a square-planar geometry around the 
copper(II) ions. 
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CHAPTER V 
SYNTHESIS AND CHARACTERIZATION OF 12-
MEMBERED PENTAAZA TRANSITION METAL-TIN 
MACROCYCLIC COMPLEXES 
INTRODUCTION 
Recently there is development in coordination chemistry in the field of 
macrocyclic complexes produced by the reactions of organometal compounds 
with organic ligands.'"'' Among them organotin microcycles^ are attracting 
more and more attention both in fundamental and applied research, because of 
the ability of the tin atom to afford stable bonds with carbons as well as with 
heteroatoms. A wide range of compounds found in organic synthesis and 
catalysis such as synthesis of polyesters, polyurethanes, cross linking of 
silicons, esterification, polymerization etc., have been reported.^ Especially, 
organotin compounds react with the ligands with nitrogen atoms, yielding 
products characterised by Sn-N bonds. Such compounds have been revealed to 
help the construction of interesting macrocyclic topologies. Organotin 
compounds have gained an edge over other organometallics due to their 
bioavailability in the ecosystem and entrance into the food chain. They are less 
harmful to the environment and have pharmaceutical applications including 
antitumour and anticancer uses.^''° A considerable number of organotin 
macrocyclic complexes with nitrogen donors have been reported over the past 
decades." Chunlin Ma have reported^ the synthesis of series of macrocyclic 
complexes obtained by reactions of pyrazine carboxylic acid with diorganotin 
(IV) dichloride in the presence of triethylamine. Recently, Chaudhary and 
Smgh have reported the synthesis of 22- membered tetraaza macrocyclic 
complexes of tin by the template condensation reaction of diamines with 
various dicarboxylic acids. 
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Herein we describe the synthesis and spectroscopic characterization of a 
series of 12-membered tin- transition metal complexes with a view to study the 
ligating behaviour of the tetradentate ligands towards transition metal and non-
transition metal ions simultaneously. 
EXPERIMENTAL 
Materials and method 
The chemicals dimethyl tin (IV) dichloride (Fluka), o-phenylenediamine, p-
phenylene diamine (both C.D.H.) and formaldehyde (37% aq.solution) 
(E.Merck) were used as received. The metal salts, MnXi. 4H2O, C0X2. 6H2O, 
NiX2. 6H2 O, CuX2. 2H2O (X - CI or NO3), ZnCli and Zn (N03)2. 6H2O (all 
B.D.H) were commercially available pure samples. 
Synthesis of dichloro/nitrato (1-phenyl amino 4:5, 9:10 
diphenyl - 1, 3, 6, 8, 11 - pentaaza cyclododecane) metal (II) 
- dimethyl tin (IV), [MLX2 Sn (CH3)2] [M = Mn(II), Co(II), 
Ni(II), Cu(II) and Zn(II); X = CI or NO3]. 
To a stirred methanolic solution (~25mL) of respective metal salt (0.001 mole) 
and o-phenylenediamine (0.002 moles, 0.216 g ) in three-necked round bottom 
flask, was added dropwise a methanolic solution of dimethyl tin (IV) dichloride 
(0.001 moles, 0.219 g) and stirred with gentle heating for about 2 hours. Then 
a hot methanolic solution (-20 mL) of formaldehyde (37% aqueous solution) 
(0.002 moles, 0.135 mL) was added dropwise followed by the addition of p-
99 
H.C HN ^ NH 
+ MX2 + (CH3) SnCl2 
HoN NH-
Sn M 
H^C HN X NH2 
H3C HN ^ NH 
Sn M N 
H3C HN X NH 
-NH2 
HCHO , 
/ 
H2N \ ' NH2 
Where X = CI or NO3 
M = Mn(ll), Co(ll), Ni(l l), Cu(ll), Zn(ll) 
Scheme-1 
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phenylenediamine (0.001 mole, 0.108 g) in methanol. The resultant mixture 
was refluxed overnight leading to the formation of a microcrystalline solid 
product. The resultant product thus obtained was filtered, washed several times 
in methanol and dried in vacuo. 
RESULTS AND DISCUSSION 
The resulting macrocyclic complexes are colored solids and are slightly 
soluble in methanol and benzene but freely soluble in DMF, DMSO and THF. 
All the complexes are stable to atmosphere at room temperature. The 
conductivity values measured for 10"^ M solutions in anhydrous DMF are in the 
range 12-32 ohm"'cm^ mol"' indicating them to be non electrolytes.'^"''' The 
purity of the complexes was checked by TLC on silica Gel-G using anhydrous 
methanol and tetrahydrofuran (1:1) as a solvent. Each of the complex moves as 
a single point indicating the presence of only one component. All the efforts to 
grow single crystal suitable for X-ray crystallography failed exhausting all 
procedures known in this regard. Elemental analyses (Table 1) agree well with 
the stoichiometry and chemical formulae of the compounds. 
IR Spectra 
The explicit feature in the infra red spectra of the complexes for 
structural assignments are given in Table 2. The characteristic vibrational 
frequencies have been identified by comparing the spectra of the complexes 
with their precursors. The complexation of tin with the ligand is confirmed by 
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the presence of Sn-C and Sn-N bands in tlie range 510-550 cm"' and 445-480 
cm"' respectively.'^"'^ All complexes exhibit a single sharp band at c.a. 3230-
1 17 
3280 cm', ascribed to the coordinated secondary amino group suggesting that 
nitrogen is involved in the coordination to the metal ion. The appearance of 
band around 1130 cm"' for all the complexes may be attributed to v(C-N) 
vibration.'^ Bands observed at 230-245 and 270-295 cm"' in the nitrato and 
chloro complexes are assignable to v(M-O) and v(M-Cl), respectively.'^ 
Further, bands corresponding to v(C-H) and phenyl ring vibrations appeared at 
their expected positions. 
NMR Spectra 
In order to substantiate the nature of bonding in the complexes discussed 
above, the proton magnetic resonance spectra of the Zn complexes were 
recorded. The ' H NMR spectra for all Zn complexes show a multiplet in the 
6.72-6.97 ppm region, which can be assigned^*' to the secondary amino protons 
of the o-phenylenediamine indicating the replacement of primary amino proton 
by the diorganotin moiety. Singlet in the 4.00-4.10 ppm region may be 
attributed to the primary amino protons (C6H4NH2; 2H) of the p-
phenylenediamine moiety. Multiplets observed in the 2.72-2.94 ppm region 
may be attributed to methylene protons [N - CH2 - N; 4H] of the formaldehyde 
moiety. The spectra also show the chemical shifts of the methyl groups at ca. 
0.82 - 0.86 ppm and of the aromatic ring protons at c.a. 7.33 - 7.56 ppm. 
The "^Sn NMR spectra of all the complexes show signal between 78-
118 ppm. On the basis of this data, it is difficult to assign coordination with 
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certainty tc the tin atom however, as reported in the hterature " , the value of 
6("'Sn) in the ranges 200 to -60 ppm have been associated with tetra-
coordinated Sn atom. 
EPR Spectra 
The EPR spectra of Cu(II) provide information about the Cu(II) 
environment. The EPR spectra (Table 3) of the Cu(ll) complexes exhibit an 
axial-type signal with two g values (g|| = 2.065 - 2.105, gi = 2.030 - 2.061). 
For ionic environments, gn is nomially > 2.3 and is < 2.3 for covalent 
environments. The g values in Cu(II) complexes indicate that the metal ligand 
bonding is covalent. The observed data (gy > gi), show that there is distortion 
from Oh symmetry in Cu(II) complexes and the unpaired electron occupy the 
a": , orbitaP^. The g values are related^^ by the expression G = (g||-2) / (gi-2), 
which measures the exchange interaction between Cu centers in poly crystal line 
solid. If G>4, the exchange interaction is negligible and if G<4, it indicates 
considerable exchange interaction in the solid complexes. The calculated G 
values for these complexes appear in the range 2.166 - 1.721, which suggests 
the existence of considerable exchange interactions between Cu(II) centers. 
Electronic Spectra and Magnetic moments 
The electronic spectral and magnetic moment data (Table 3) recorded at 
room temperature of all the complexes are consistent with the proposed 
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structures (Scheme 1). The Mn(II) complexes exhibit two bands in the 21,900 
- 22,300 and 18,650 - 18,800 cm"' regions assignable^^ to ^Aig -^ %g(F) and 
''Aig -^ ''Tig(P) transitions, respectively corresponding to an octahedral 
geometry for the Mn(II) ion. The appearance of two bands in the 14,000 -
14,450 and 21,000 - 21,350 cm"' regions for the Co(II) complexes may 
reasonably be assigned to ''Tig (F)-> ''A2g(F) and "Tig ( F ) ^ '*Tig(P) transitions, 
respectively, consistent with the presence of an octahedral geometry around 
Co(II) ions. The proposed octahedral geometry around the Ni(II) ion is 
confirmed^^ by the positions of absorption bands obtained in the regions 11,250 
- 11,280 and 17,400 - 17,450 cm"' attributable to % g (F)-> ^T2g(F) and A^2g 
(F)-> "^ Tig(F) transitions, respectively. The electronic spectra of the Cu(II), 
complexes show a main broad band in the region 19,250 - 19,400 cm"' with a 
shoulder at 16,300 - 16,400 cm"' consistent with that reported for a distorted 
octahedral geometry and, thus reasonably be assigned to Big -> B2g 
transitions, respectively, around the Cu(II) ion. Strikingly, all the complexes 
exhibit absorption at around 30,000 cm'' which may be due to charge transfer 
band. 
The observed magnetic moment values (Table 2) for all the complexes 
are consistent with the high-spin octahedral geometry around the metal ions 
which further corroborates the electronic spectral findings. 
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CHAPTER VI 
TEMPLATE SYNTHESIS OF 16-MEMBERED 
OCTAAZAMACROCYCLIC COMPLEXES OF Fe(II), 
Co(II), Ni(II), Cu(II) AND Zn(II) IONS 
INTRODUCTION 
The chemistty of transition metal macrocycles is extensive because of 
their close relationship to molecules of biological significance . The 
importance of these complexes is due to the role they play as models for 
protein metal binding sites in biological systems, as radioimmunotherapeutic 
agents, synthetic ionophores^, electrocatalysts in fuel cells^, MRI contrast 
no Q 
agents " and luminescent sensors . These extensive applications have been 
Vv'orth interesting to design new macrocycUc ligands for biological and 
industrial applications. 
In the past decade a great attention has been devoted to design 
and synthesize Schiff bases with enhanced ability to selectively encapsulate the 
given metal ion'"'". A large number of macrocycles'^"'^ and their complexes 
with transition metal ions have been synthesized and characterized. Several 
macrocyclic ligands derived from hydrazine precursors have been reported''' 
and most of these studies deal with mononuclear complexes. Several reports 
were obtained for the synthesis of octaazamacrocycles'^. For some years, 
scientists have been interested in the design and synthesis of new macrocyclic 
ligands for metal - ion recognition'^. Moreover, polyaza and mixed polyaza 
macrocycles constitute an excellent starting point for studies of the molecular 
recognition of different kind of substrates: protonated species of 
polyazamacrocycles or their metal complexes are in fact efficient receptors for 
many different kind of substrates'^ Here we wish to report the synthesis and 
characterization of Fe(II), Co(II), Ni(II), Cu(II) and Zn(II) octaazamacrocyclic 
112 
complexes, [MLX2] (M = Fe(II), Co(II), Ni(II), Cu(II) and Zn(II) and (X = CI 
or NO3) obtained by the template condensation reaction of hydrazine, 
acetaidehyde and 2,4 - pentanedione. 
EXPERIMENTAL 
Materials and Methods 
The metal salts, FeXj^HzO, CoXz^HjO, NiXz-eHzO, CuXrlUjO (X - CI or 
NO3), ZnCl2 and Zn (N03)2-6H20 (all BDH) were commercially available pure 
samples. The chemicals 2,4-pentanedione and hydrazine hydrate (Fluka) and 
CH3CHO (BDH) were used as received. 
Synthesis of dichloro/nitrato [2,5,8,10,13,16-hexamethyl-
3,4,6,7,11,12,14,15-octaazacyclohexadecane-2,7,10,15-
tetraene)metal(II), [MLXj] (M = Fe(II), Co(II), Ni(II), Cu(II) 
and Zn(II); X = CI or NO3). 
In methanolic solution (~25inl) of hydrazine hydrate (0.004 moles, 0.198 mL), 
a methanolic solution (~25ml) of acetaidehyde (99%) (0.002 moles, 1.13 mL) 
was added dropwise and was stirred for 8 h. To this mixture a methanolic 
solution (~25ml) of the metal salt (0.001 mole) was added followed by the 
addition'of 2,4-pentanedione (0.002 moles, 0.21 mL). This led to the formation 
of a solid product after stirring for 10 h. The solid product thus obtained was 
filtered, washed several times with methanol and dried in vacuo. 
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4KH2-NH2.H20 + 2CH3CHO 
MX2 
H3C 
CH. H3C 
H II II H 
N — N X N—N 
\ 1 / 
M 
/ l \ 
N — N X N — N 
H II II H 
H3C CH, 
CH3 
M = Feai), Coai), Niai), Cuai), Zn(II) 
X = CI or NO3 
Scheme 1 
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RESULTS AND DISCUSSION 
A series of octaazamacrocyclic complexes [MLX2] (M = Fe(II), 
Co(II), Ni(II), Cu(II) and Zn(II); X=C1 or NO3) have been synthesized by the 
template condensation of hydrazine, acetaldehyde and 2,4-pentanedione with 
metal ions in a 4:2:2:1 molar ratio as shown in Scheme 1. All complexes are 
stable to the atmosphere and are completely soluble in water and DMSO. 
Elemental analyses (Table 1) agree well with the proposed structures of the 
complexes as shown in Scheme 1. The purity of the complexes were checked 
by TLC on silica Gel - G using anhydrous methanol and tetrahydrofuran (1:1) 
as a solvent. Each of the complex moves as a single point indicating the 
presence of only one component and hence their purity. The low molar 
conductance values (Table 1) of all the compounds in DMSO at room 
1K 
temperature support the non-ionic nature of these complexes. However, we 
could not grow single crystal suitable for X-ray crystallographic studies. 
IR Spectra 
A new weak band appeared in the 1580-1620 cm"' region in the IR 
spectra (Table 2) of all the complexes which may be assigned to the imine 
v(C=N) stretching vibration'^. This is in support of the formation of the 
azomethine group during the condensation. This range of v(C=N) vibrations is 
in the region reported for the coordinated C=N group^°. The medium-intensity 
bands appeared in the 410-445 cm"' region are assignable^' to v(M-N) 
vibrations. The appearance of the sharp single band in the 3210-3248 cm"' 
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regions assignable to the condensed N-H group^^ and the absence of bands 
characteristics of the NH2 groups of the hydrazine moiety support the proposed 
condensation. This is fiiither confirmed by the appearance of a characteristic 
v(C-N) band around 1160-1200 cm"'. The coordination of the nitrato and 
chloro groups has been ascertained by bands in the 235-255 and 255-310 cm" 
region which may reasonably be assigned ' to v(M-O) and v(M-Cl). 
H^ NMR Spectra 
The ' H NMR spectra of the Zn(II) complexes show a sharp signal at 
2.45-2.50ppm corresponding to imine methyl (CH3C=N; 12H) protons . A 
singlet observed in the region 2.20-2.30ppm may be assigned " to methylene 
(C-CH2-C; 4H) protons of the 2,4-pentanedione. The spectra show a doublet in 
the i.80-1.82ppm range due to the methyl protons (-CH3; 6H) of the 
acetaldehyde moiety. A multiplet in this 1.50-1.53 ppm region may be assigned 
to (N-CH-N; 2H) of the aldehyde moiety. The ' H NMR data (Table 3) for all 
mononuclear Zn(II) complexes show a multiplet in the 6.28-6.30ppm region 
which can be assigned^^ to the secondary amino (-NH; 4H) protons of the 
hydrazine moiety. 
EPR Spectra 
The EPR spectra (Table 4) of copper(II) macrocyclic complexes have 
been recorded at room temperature and all the complexes gave the same type of 
spectrum. However, none of the complexes gave hyperfme splitting which may 
be due to the strong dipolar and exchange interactions between copper(II) ions 
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in the unit cell and a single broad signal was observed. The EPR spectra of 
these complexes gave gn and gi values in the regions 2.21-2.24 and 2.10-2.11 
respectively, which indicate essentially a dx .y ground state for the copper (II) 
ion. Proctor and co-workers have postulated that the magnitude of the ratio G = 
(g|i-2)/(gx-2) indicates''^ the possibilit}' of exchange interaction in the copper(II) 
complexes . In the present case, the value appeared in the range 2.10-2.18, 
which indicates (G<4) considerable exchange interaction in the solid 
complexes" . It has been reported that the g|| value in copper(II) complexes 
can be used as a measure of the covalent character of the metal ligand bond. If 
this value is greater than 2.3 the environment is essentially ionic and values less 
than this limit are indicative of a covalent environment. So these complexes 
show considerable covalent character" . 
Electronic spectra and Magnetic data 
The electronic spectra (Table 4) of iron (II) complexes exhibit a weak 
intensity band in the 11,500-11,650 cm"' region, which may reasonably be 
assigned"" to T2g—> Eg transition consistent with a high spin octahedral 
environment around the iron (II) ion. The appearance of two bands appearing 
in the 16,900-17,000 and 21,700-21,750 cm"' regions for the Co(II) complexes 
may reasonably be assigned"" to ''T,g(F)->^A2g(F) and ^T,g(F)^^T,g(P) 
transitions, respectively (Table 4) consistent with the presence of an octahedral 
geometry around the cobalt(II) ion. A main broad band in the 15,280-16,620 
cm"' and 18,700-19,000 cm"' regions for the Cu(II) complexes may reasonably 
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be dssigned^^ to B^|g—>^ B2g and B^ig—»-^ Eg transitions, respectively (Table 4) 
consistent witli the presence of an octahedral geometry around the Cu(II) ion. 
Nickel(II) with the electronic configuration d^  shows a tendency to form 
square planar complexes with strong field ligands and octahedral complexes 
34 
with weak field ligands. The observed magnetic moments^ for all these 
complexes (Table 4) are consistent with the high spin octahedral geometry 
around the metal ions which indicate that the ligand field is weak and it is 
probable that nickel(II) may assume an octahedral structure rather than square 
planar structure. This is supported by the appearance of two main bands in the 
11200-11450 and 17500-17900 cm"' regions in the spectra of Ni(II) complexes 
which are assigned^'' to ^A2g^^Tig(F) and "'A2g—*''Tig(P) transitions, 
respectively indicating an octahedral geometry around the Ni(II) ion. 
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CHAPTER VI I 
SYNTHESIS OF 12 AND 14-MEMBERED DIAZA 
DIOXO MACROCYCLES DERIVED FROM CATECHOL 
AND 0-PHENYLENEDIAMINE 
INTRODUCTION 
The chemistry of macrocyclic ligands have been the subject of growing 
interest during the past few years'"'' because of their different molecular 
topologies'*, a different set of donor atoms and thus a great variety of ligational 
properties towards protons^, metal cations and anions^. Macrocycles play an 
integral part in the field of supramolecular chemistry, nanotechnology, 
molecular recognition, self assembly and inclusion phenomenon. Structural 
factors, such as the cavity size, number of donor atoms, and stereochemical 
rigidity have been shown to play significant role in determining the binding 
features of macrocycles towards metal ions ' . Mixed-donor macrocycles ha\'e 
proved especially suitable for such studies in contrast to all nitrogen donor 
systems since they do not exhibit the large kinetic and thermodynamic 
stabilities .^ A number of mixed donor macrocycles have been reported ^"" 
mcorporating O2N2, O3N2, O2N3 or N4O2 donor sets. With a view to extend the 
chemistry of mixed N or O donor ligands, we report herein a synthesis of the 
12-14 membered diazadioxo macrocyclic ligands and their complexes with 
Co(II), Ni(II), Cu(II), and Zn(II) and their physico-chemical properties. 
EXPERIMENTAL 
Materials and Methods 
The metal salts C0CI2.6H2O, NiClj.eHzO, CUCI2.2H2O and ZnCb (all BDH) 
were commercially available pure samples. The chemicals o-phenylenediamine 
(Reachim), catechol (Central Drug House, India), 1,2-dibromoethane and 
127 
1,3-dibromopropane (both Merck) were used as received. Solvents were of 
reagent grade and were purified by usual methods. 
Synthesis of 1:2, 8:9 - diphenyl - 7,10 - diaza - 3 ,14-
dioxocydotetradecane (L^ ) 
The hot ethanolic solutions (-25 mL) of o-phenylenediamine (0.108 g, 0.001 
mole) and 1,2- dibromoethane (0.002 moles) were mixed slowly with constant 
stirring. To this mixture was added a ethanolic solution of catechol (0.001 
moles) in the presence of few drops of aqueous sodium hydroxide and was 
refluxed for 6 hrs. The brown precipitate obtained on cooling was filtered and 
washed several times with EtOH to remove any traces of the unreacted starting 
materials. Finally the mixed ligand complexes were washed with diethyl ether 
and dried in a vacuum desiccator over anhydrous calcium chloride. 
Synthesis of 1:2, 7:8 - diphenyl- 6,9 -diaza - 3,12 -
dioxocyclodidecane (L^ ) 
An analogous method of synthesis was adopted except that 1,3-
dibromopropane (0*21 mL, 0.002 moles) was used instead of 1,2-
dibromoethane. 
Synthesis of dichloro (1:2, 8:9 - diphenyl -7,10 - diaza -3,14-
dioxocydotetradecane ) metal (II) [ML^ Cl2] 
The hot ethanolic (~ 25 ml) solutions of ligand L^  (0.27g, 0.001 mole) and 
corresponding metal salt (0.001 moles) were mixed together with constant 
stirring. The mixture was refluxed for 2 - 4 hrs, which gave a colored complex 
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MH-, tc. (CH2)n-
Br Br 
@ ; 
OH 
OH 1 
aq. NaOH 
(CH2)n-
C ?5 
(CH2)n-
Scheme 1 
1 I 2 Where n = 2 & 3 for L L respectively 
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Where M = Co(ll), Ni(ll), Cu(ll) and Zn(ll) 
Fig.l 
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upon heating. It was filtered, washed with ethanol and dried under vacuum over 
anhydrous CaCl2. 
Synthesis of dichioro (1:2, 7:8 -diphenyl - 6,9 - diaza -3,12 -
dioxo cyclodidecane) metal ( I I ) [ML^Cb] 
Here too, the procedure was similar to the one mentioned above, except that the 
ligand L' (0.298g, 0.001 mole) was used in place of ligand L ' 
RESULTS AND DISCUSSIONS 
The novel diazadioxo macrocyclic ligands (L ) and (L ) has been 
synthesized by the reaction of o-phenylenediamine, 1,2-dibromoethane / 1,3-
dibromopropane and catechol in 1:2:1 molar ratio in ethanol. The isolated 
ligands remain unchanged at room temperature for extended period of time and 
were found to be freely soluble in DMSO, DMF and THF. The fonnation of the 
macrocyclic ligand framework (Scheme 1) was confiraied based on the results 
of elemental analysis, JR. 'pTNMRand '^ CNMR studies. 
Further, series of macrocyclic complexes of the type [ML 'X2] and 
[ML-X2]. (M = Co(II), Ni(II), Cu(II), and Zn(II)) were obtained by the reaction 
ot the ligands (L ) and (L ) with respective metal salts in a 1:1 molar ratio in 
ethanol. The purity of the complexes has been established by TLC by 
dissolving in DMF using petroleum ether-diethyl ether (2:3 v /v) as eluent. 
Only one spot was observed by TLC after developing in an iodine chamber 
indicating that the compound is pure. The elemental analysis results agree well 
131 
o 
c 
« H £ V ' 
S c <u o £ 
00 
I 
§ 
o 
a 
CO 
•a 
•*-> I 
13 
U 
c 
"o 
•4—* 
l) 
o 
J3 
03 
O 
x) 
c 
=1 
o 
o 
o 
^ 
es 
ta 
s 
o 
S 
5 _ 
u 
•a 
is ^ 
U 
o 
U 
13 
e 
s 
o 
£ 
o 
U 
O OO 
(N r^ 
^ r--
o o 
rn o 
o6 o6 
CO w-i 
t-^  r-^  
VO Tj-
o o o\ <> 
OO p 
vd i> 
\q «o 
vd vd 
OO t-^  
vd vd 
vo p 
O N ^ 
OO 
O 
en 
o 
CO -^ 
U 
OO 
o 
ON 
(N 
o (N 
E 
(N 
<N 
o <N 
a: 
y 
rn p 
od od 
ON t--
s 
5 
s 
Q 
o 
o 
p (N 
o 
O o 
O N U^ 
MS M3 
in OO 
o 
CO 
s 
od 
CM 
o rs 
-5 >—1 O 
o U 
u -X 
••o 
u 
<N 
r-J. 
H4 
o U 
o 
u 
o 
U 
CJ 
132 
c 
o 
u 
ON 
o r -
i n - ^ 
oo t— 
m m 
'^ J- t - -
<iO m 
o r -
Tj- ^ 
^ 
oo 
ON 
CO 
r--
o ««-H 
:^ 
:^ 22 
P: 
•o 
o 
g 
du 
*~7' rs 
^ rs X 
oo 
O 
<N 
o . ^ 
3 U 
U 22 
X 
so 
o <N 
^ ^ 
^^r^ 
3 U U ?3 3: 
00 
o u u 
o 
oo ^—^ 
O 
r~~ 
oo o 
r~- oo 
Tj- m 
r - r -
O ON 
OO r -
«n r j -
r - t~-
« O N 
OO r -
—' r l -
r - r -
oo o 
\ o r -
oo m 
vo \ o 
( N ON 
r - ^-o 
oo «n 
VO vo 
O- ON 
\ 0 VD 
VO T f 
>0 NO 
NO lO 
'^  S-
( N O ^ 
o6 oo 
NO r~-
r-' r-' 
T f CN 
<o <n 
—I »n 
o o 
i n i n 
r t (q 
NO' ^ ' 
r<^ i n 
'^ SL 
oo i n 
( ^ m 
r--' t--' 
ON 
^' 
O 
o 
i n 
NO 
NO' 
f - H 
<n 
^ 
O N 
ON 
^ 
NO' 
\ o 
' < ^ ' 
i n 
t ^ 
^ 
^ 
K 
i n 
r f 
r o 
^ 
K 
oo ' -
'^" vt 
'". ^ 
O O N 
T f r o 
NO' N O 
CN O 
in »n 
O N 
in 
c 
o 
J—< 
^ 
;-< cd 
Q 
ON 
ON 
O N 
m 
C3 
O 
Xi 
^ 
i-< CO 
Q 
o 
od 
t N 
• < ^ 
o 
- O 
^ 
VH 
cd 
Q 
r^ 
' ^ 
o 
^ 
c 
o 
^ 
k-( K) 
Q 
oo 
oi 
rr\ 
• ^ 
O 
^ 
^ 
;^  03 
c 
NO 
NO 
o 
• ^ 
o 
J3 
^ 
;_( CO 
Q 
r^ 
•<:f 
m 
"* 
C 
N 
o) 
"" ^ f^ 
N 22 
X 
c N rN 
^9. 
Ol cvl 
N S 
X 
oo 
u u u 
133 
with the mononuclear structure (Fig. 1). The molar conductivities (Table 1) in 
DMSO indicate that all the complexes are non electrolytic in nature . 
IR Spectra 
The preliminary identification regarding the nature of bonding of the 
ligands has been obtained from the IR spectra (Table-2) in 4000-200 cm'' 
region. The absence of bands in the ~ 3400 cm"' region corresponding to the 
free primary amino group and the phenolic group and appearance of the bands 
around 1160 cm"', and 1345 cm"' corresponding to the v (C-N) and v (C-0) 
vibrations,'^ respectively, indicate the formation of macrocyclic framework in 
Scheme 1. The bands due to coordinated N-H group were observed '"' at 3200 -
3290 cm"'. These bands were shifted to lower frequencies by 10-30 cm"' after 
complexation with the metals. The low frequency vibrations due to M-O and 
M-N stretching provide direct evidence for the complexation. The bands due to 
v (M-Cl) were observed at 339 - 313 cm"' and are characteristic of chloro 
complexes. The bands due to phenyl ring vibration appeared at the expected 
positions. 
Electronic spectra and magnetic moments 
The electronic spectral and magnetic moment data (Table-3) recorded at 
room temperature for all the metal complexes are consistent with the proposed 
structure. The Co(II) complexes show bands in the 13,900-14,200 and 20,100-
20,260 cm"' regions corresponding to ''Tig (F) -^ ''A2g (F) and ''Tig(F) -^ 
Tig(P) transitions, respectively which are characteristic of an octahedral 
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geometry'^ Magnetic moment values of 4.55 and 4.58 B.M. again provide 
strong evidence in the favour of octahedral geometry around Co(II) ion. 
However, the electronic spectra of the Ni(II) complexes show two main 
bands centered in the 11,300-11,405 and 17,250-17,200 cm"' regions which 
may be assigned to ^Ajg (F) -^ ^T,g (F) and ^Ajg (F) -* 'T,g(P) transitions, 
respectively, similar to an octahedral'^ Ni(II) ion. The magnetic moment values 
of 3.14 and 3.17 B.M. confirm the paramagnetic nature of the Ni(II) 
complexes. 
The complexes derived from Cu(II) exhibit bands in the 15,700 - 15,720 
and 18,400 - 18,440 cm"' regions. These bands may be assigned to ^Big —> 
9 9 9 
B2g and Big —* Eg transitions, respectively, attributed to the distorted 
octahedral geometry '^  for Cu(II) ion. The magnetic moment values further 
complement the electronic spectral data. 
In order to detemiine, if the metal complexes under goes solvatochromic 
shifts in different solvents, the complexes were dissolved in a variety of polar 
solvents like DMSO, DMF, THF, CHCI3 and their UV- visible spectra were 
recorded. Since the spectra do not exhibit any variation in the absorption 
pattern as a function of solvent, it is suggested that binding of solvent to the 
metal ions does not occur. This means that geometry of the metal ions does not 
change in solution. 
EPR Spectra 
The room temperature EPR spectra (Table 3) of all the powder samples 
of the copper complexes [CUL'X2] and [CuL^Xa] showed a single broad signal. 
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The calculated g,, and gx values appear in the 2.23 - 2.26 and 2.12 - 2.14 
regions, respectively. The existence of the gi values lower than those of their 
respective gy values (g,, > gi > 2.20) indicates'' that the unpaired electron is 
present in the d^ ^ _ y^  orbital having ^Big as a ground state term. The axial 
symmetry parameter, G, obtained by the relation (gn - 2) / (gi -2), in the 1.8 -
1.9 range supports '^''^ the contention that there is a considerable exchange 
interaction between Cu centers (G < 4). 
NMR Spectra 
The absence of proton resonance signals of free NH2 and OH groups 
indicates that the condensation of primary amines and phenolic group with 
dibromoalkane has taken place. The 'H NMR spectra of the ligands recorded in 
DMSO-dg show a multiplet at 6.41 ppm ascribed^^ to the secondary amino 
protons (- NH, 2H) of the o-phenylenediamine moiety. The ' H NMR spectra of 
the ligands L and L gave a mutiplet in the region 3.08 - 3.19 ppm which 
corresponds to the methylene protons (N - CH2 - C, 4H) adjacent to the 
nitrogen atoms of the amine moiety. Another mutiplet appeared at 2.45 ppm for 
ligand L which may be assigned to the middle methylene protons (C - CH2 -
C, 4H) of the propane chain. A mutiplet observed at 1.85 ppm attributed to the 
methylene protons (O - CH2 - C, 4H) adjacent to the oxygen atom of the 
catechol moiety. However, a multiplet in the region 7.18 - 7.30 ppm may be 
assigned to aromatic protons. The 'H NMR spectra of the Zn complexes 
recorded in DMSO - dg exhibits resonance peaks comparable to that of ligand 
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with a slight downfield shift suggesting the coordination of macrocycHc ligand 
with the metal centre. 
The '^ C NMR spectra of the ligands recorded in DMSO-de at room 
temperature are consistent with the proposed macrocyclic framework. The 
resonance peaks observed in 65.1 - 65.6 and 51.2 - 51.7 ppm regions are 
indicative ^^  of the presence of two types of methylene carbons in the 
macrocyclic framework for both the ligands L and L . An additional peak was 
observed in ligand L at 26.5 ppm which corresponds to central methylene 
carbon of the propane chain. The peaks observed in the 112.4 113.1, 119.8 -
120.7, 131.8 - 133.0, 139.3 - 140.1 and 156.9 - 157.4 ppm regions correspond 
to the carbon atoms of the phenyl ring. 
The C NMR spectra of Zn complexes exhibits resonance peaks with 
their chemical shift slightly shifted downfield. 
Job's Plot 
The data from the spectroscopic titrations have been analyzed using 
Job's method of continuous variations , which is a commonly used procedure 
for determining the composition of the complexes in solution. These solutions 
are prepared in such a m.anner that the total analytical concentration of metal 
plus ligand is maintained constant while the ligand : metal ratio varies from 
flask to flask, i.e. 
where CM and CL are the analytical concentrations of metal and ligand, 
respectively, and k is a constant. The absorbance is plotted as a fimction of 
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Fig. 2 Job's plot at 570nm for CoL'Ch 
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Fig. 3 Job's plot at 600nm for NiLXb 
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mole fiaclion (X) of ligand (XL) or metal (XM) in the flask. The resulting curve 
is known as Job's plot. The Job's diagram (Figs. 2 & 3) obtained for the Nickel 
and Zinc complexes at A-^ ax 570 and 600nm respectively, consists of two 
straight lines intersecting at X = 0.5. This suggests a complex of 1:1 
composition. The same profile was observed when the diagram was 
constructed at different wavelengths. 
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